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ABSTRACT 


Electro-Optical Tactical Decision Aids (TDAs) have proven their utility as tools 
for range performance modeling and mission planning. However, several TDAs are in 
current use in the United States armed forces. In fact, the services use different TDA codes 
which differ in the input data files and their sources required, in the operator expertise 
required, and the hardware required to run the program. 

Within the concept of Joint Operations, which has become crucial in the modern 
battlefield environment, all the services must share procedures, techniques, and often the 
same technology. This thesis presents a comparison between the Army FLIR TDA, 
(ACQUIRE), and the infrared module of the Navy/Air Force TDA, WinEOTDA. 
Differences in the modeling of underlying physical principles, input parameters, and 
predicted target detection ranges are presented. Despite differences in input and treatment 
of environmental effects this analysis indicates similar levels of accuracy for the two 
codes. For two scenarios selected average predictions for three “typical” sensors fall 
within 20% of published observations. With further analysis and an operational evaluation 
it may be possible to select one Electro-Optical Tactical Decision Aid for all branches of 


the military. 
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I. INTRODUCTION 


A tactical decision aid (TDA) is defined by Integrated Performance Decisions, 
Inc. at its web page as a tool or set of tools which aid an operator in performing a task. 
Included in this definition are maneuvering recommendations, weapon or decoy 
placement recommendations, target motion analysis, and performance predictions. It 
should help a decision maker (Commander or whoever in charge) by assimilation and 
convenient presentation of data (on targets, own assets and the environment) which of 
themselves are useful, and by providing analysis of the tactical problem beyond what is 


feasible by humans in a timely fashion. 


TDAs can have the form of various types of design product, including 
nomographs, manuals, guides, and of course, TDA programs (codes) resident on desktop 
computers. This thesis focuses on TDA codes for Electro-Optical applications; from now 


on these will be addressed as EOTDA. 


An EOTDA typically consists of input and output processors and three main 
models: a Target Model that determines the inherent signal that emanates from scene 
objects; an Atmospheric Model which estimates the degradation of signal from target to 
sensor due to weather conditions; and a Sensor Model which determines the range at 


which an object can be detected or at which a weapon system can lock-on. 


In this work, we will evaluate the TDA codes used by the US Navy (EOTDA) and 
US Army (ACQUIRE) for determining and predicting detection ranges, and the 


possibility to use them as standard TDAs for all services or for Joint service use. 


The Army code ACQUIRE is an analytical model based on the static performance 
model FLIR92. It predicts target acquisition performance for systems in which the image 
is in the visible, near infrared, and infrared spectral bands. The detection ranges and 
probabilities predicted by the model represent the expected performance of a set of 
observers (well trained) with respect to an average target having a specified signature and 


size. In this thesis we will discuss the ACQUIRE version 1 model, dated May 1995. 


The Navy code EOTDA is a PC based program, designed mainly as a mission- 
planning tool. It can be used by operational units to predict performance of electro-optical 
weapon systems in the infrared, visible, and laser bands. Prediction is based upon 
meteorological data (forecast), target characteristics, weapon system, and tactics. In this 
thesis we will discuss the EOTDA version 3, dated Jan 1993 and/or the open distribution 


version Win-EOTDA 0.7, dated 1997. 


In this age of smart weapons, more sophisticated methods of weapon delivery 
have been developed. These methods always deal with important and natural phenomena, 
the changing environmental conditions. So, it is necessary to have accurate 
meteorological analyses and forecasts to properly plan and effectively execute tactical 


operations. On the other hand, it is also necessary to present this kind of data in a 


tactically relevant form in order for it to be easily assimilated for operational purposes. 


Here is where TDAs are very useful as mission-pjanning tools. 


The first part of this work will deal with a brief discussion of the theory behind 
these codes, Infrared Radiation theory. The next step will be an analysis and comparison 
of how the theory is implemented in the codes. Finally, a comparison in performance will 
be made of predicted target detection range output from the two programs for equivalent 


operator inputs. 


Go 





Il. THEORY AND BACKGROUND 


A. GENERALITIES 


An Electro-optical Tactical Decision Aid (TDA) is a software model that predicts 
the performance of an air-to-ground weapon system based on environmental and tactical 
information. The two models, ACQUIRE and Win-EOTDA, can perform predictions in 
the visible, near infrared and infrared spectral bands. 

The part of the spectrum that includes our area of interest 1s shown in Figure 2.1] 
that represents the portion of the Infrared (IR) spectrum characterized by atmospheric 
windows; that is, regions in which the atmosphere is transparent to radiation. 


Ret clep. ly 21: 
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Figure 2.1 The Electromagnetic and IR Spectra 


Infrared imaging is the remote sensing and display of infrared flux variations. The 
variations in the displayed image intensity represent apparent temperature variations 
across the scene [Ref.2: p. 7]. A single scene can be represented by an isolated target and 
its surroundings (background). The radiation received from a target is compared with that 
of an equivalent area of the background. The radiation emitted and reflected from both 
target and background traverse the atmosphere and the aerosol particles suspended in it. 
The target detection is determined by the distribution of temperature over its surface in 
contrast with the temperature distribution of the background, allowing for the attenuating 
effect of the atmospheric path. The next section summarizes information related to 
thermal radiation theory which can be found (and more explicitly detailed) in many 


tutorial sources, for example "The Infrared Handbook" [Ref.3]. 


B. THERMAL RADIATION THEORY 


Optical radiation covers a specific part of the electromagnetic spectrum as we have 
seen before. There are no sharp boundaries between regions; rather, they are distinguished 
from each other by methods of production and detection, transmission through the 
atmosphere, response of the human eye, etc.[Ref. 7:p.1-25]. 

We start a brief summary of Black Body theory by saying that all objects with 
temperature above absolute zero emit some kind of radiation. A black body is defined as 


an ideal body or surface that absorbs all radiant energy falling upon it, with no reflection 


or retransmission. As we will see, blackbodies have been studied by many scientists; they 
have stated two important emission properties of a blackbody: 

a. - A blackbody is a perfect emitter of radiation at all angles and all wavelengths. 

b. - The total emitted energy of a blackbody is a function only of its temperature 


[Ref.4:p.45]. 
1. Planck’s Blackbody Law 


Planck hypothesized that a blackbody at a given temperature emits radiation of all 
wavelengths. In particular, the radiant exitance at the various wavelengths integrated over 


a one-micron ({1m) band around V, 1s given by Planck’s law: 


2mhv°? 
Mgp (1) = : ZA 


C (Co = 1) 


where : 

h is Planck’s constant = 6.625 x 10°" Ws’, 

c is the speed of light, 

k is Boltzmann’s constant = 1.380 x 107° J-K 

V 1s radiation frequency, Hz, and 

T is temperature in Kelvin. 

Mes (1) = Spectral Radiant Exitance, also called Radiant Emittance, is defined as 
the power per unit area per unit wavelength interval at a particular wavelength [Ref.8]. 
This equation can be simplified using defined constants and expressed in terms of 


wavelength, A: 


Mes = Be 1 ae 
Where : 
C; = 2mhc* = 3.741 x 10° Wcm™ pm* 
C= ch/k = 1.438 x 10° um K, and : 


X. = is the wavelength, um. 
Both equations express the spectral radiant exitance/emittance of a source 
radiating in a vacuum. We see in Figure 2.2 the spectral radiant emittance of a blackbody 


at different wavelengths. 
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Figure 2.2 Radiant Emittance of a Blackbody [Ref.8] 


When we are dealing with non-blackbodies, we have to consider an additional 
factor, which introduces the special characteristics of the material composition and 
surface condition. It is called “the emissivity constant” and represents the ratio between 
the emitted radiation of any given temperature radiator and the emitted radiation of a 


blackbody of the same temperature. 


Mp=€e Mpzp. 2.3 


where : 


€ = 1s the emissivity of the non-blackbody. 


2. Stefan-Boltzmann Law 


The total radiated energy from a unit area of a surface per unit time over a 27 
steradian solid angle is called the total radiant exitance of that surface. The dependence of 
total radiant exitance on the absolute temperature of a blackbody is described by Stefan- 
Boltzmann’s law: 

Mn =oT* 2.4 
where o is the Stefan-Boltzmann constant = 5.67 x 10°” W-cm™” K* 

The same relationship as before has to be considered if the object is a non- 

blackbody. So, radiation falling on a body is absorbed, reflected, or transmitted and 


because of the law of conservation of energy, 


a+p+T =! 


where 1s the absorptance, p is the reflectance, and T 1s the transmittance with all of 
them wavelength-dependent. 


3: Kirchhoff’s Law 


Kirchhoff observed that, at given temperature, the ratio of a body’s radiant 


exitance to its absorptance is constant, and equal to the radiant exitance of a blackbody, at 


the same temperature: 


a Wo. This is Kirchhoff’s law. 
Q 


Therefore, if a body is a good absorber of radiation, its emissive capability, as 


expressed by W, must be good too, since the ratio 1s constant. That is why a good 


absorber is also a good emitter. 





Thus, 
4 
ao oT* and, therefore, Das 
a 
€ =d, the emissivity of a body is equal to its absorptance and 
depends on: 


* the nature of the body. 


* its temperature. 
* its surface finish. 


* the wavelength. 


10 


Another consideration 1s the fact that we often work with “atmospheric windows,” 
which means that we can subdivide our spectrum into specific sections of interest. In 
these cases we can estimate the “In-band Fractional Power” or in-band radiance “N” 


[Ref.5], using the “Universal Blackbody Curve” or the proportional radiation table, with 





Ag , 200 


Where Aq = difference of two q values for the limiting wavelengths from the 


proportional radiation table (See Appendix A). The proportional radiation q is a function 
of the wavelength and temperature. It represents the fraction of the radiant exitance 
emitted by a blackbody at temperature T at all wavelengths up to the specific value of 


wavelength, A. 


4. Lambert-Beer Law 


In order to “see” the target, we have to know or detect the radiance seen by the 
sensor, after propagation through the atmosphere. In order to do this, we have to know 
how the atmosphere interacts with the optical ray on its way to the sensor. It has been 
Stated that the transmittance is a strong function of the wavelength, which can be 


described by the Lambert-Beer law: 


~ UR 
T= © 5 ey 


11 


where, 


T,) = Spectral atmospheric transmittance, 


u(t) = extinction coefficient, 
R = Path length, 

The extinction coefficient depends on the atmospheric molecular composition and 
aerosol concentration. It is very sensitive to the specific frequencies of the molecular 
vibration and rotation transitions. Of special interest for IR emission are energy 
transitions of the vibrational type that produce spectra in the band from 0.3 to 30 um 
[Ref.1: p.190]. 

The infrared radiation will be attenuated as it propagates through the atmosphere 
by the processes of absorption and scattering. The attenuation is characterized by the total 
extinction coefficient, 

LL = [la + bs, 2.8 
where, 


uu = total extinction coefficient, 
UW, = extinction coefficient for total absorption, 
i, = extinction coefficient for total scattering. 


Each of these two extinction coefficients has two other components; one from the 
molecules of the air and the other from aerosol particles suspended in it. Scattering by 
aerosols and molecules has a large effect in the visible region, while absorption 


dominates in the infrared region of the electromagnetic spectrum. As the EO systems are 


2 


designed to operate mainly between 8 and 12 um, it is important to predict the 
transmittance of the atmosphere as a function of wavelength and weather conditions. 
These two extinction coefficients are described by the equations: 


La = eae see 9 


tO 


Us; =Om +O9O,, 10 


where, 
Km = molecular absorption coefficient, 
K,= aerosol absorption coefficient, 


Om= molecular scattering coefficient, 


O, = aerosol scattering coefficient. 


Earth’s atmosphere is a mixture of many gases with varying characteristics of 
absorption, emission, and scattering of optical radiation. Each of these gaseous quantities 
varies with altitude, time, and space as a function of geographical region. [Ref. 4: p.71] 
So, the relative values of the four coefficients will change depending upon the region 
where the measurement is made. 

Due to the large number of parameters involved in optical transmission a range of 
computer models have been developed for computation of atmospheric transmittance and 
atmospheric path radiance for various defined meteorological scenarios. These models 


include LOWTRAN, MODTRAN, HITRAN and variations of those. 
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Gathering al] these concepts and theoretical and experimental laws we can get an 
idea how detection scenario looks in the IR arena. Broadly speaking we have three main 
components: a target and its surroundings, a sensor system on a moving platform, and an 
atmospheric path between them. 

According to Holst, the 1975 NVL and FLIR92 models are the main analytic 
tools for deriving system requirements and predicting performance for FLIR systems. The 
1975 NVL model was developed for serial and parallel scanning thermal imaging systems 
that existed in the 1970s. FLIR92 is built upon the framework of the 1975 NVL model. 
The three—dimensional noise model and FLIR92 are in symmetrical formats. This permits 
a format that is easier to understand than the 1975 NVL model, although both provide 


similar results [Ref. 2:p. 389-391]. 


C: FLIR SYSTEM PERFORMANCE 


The purpose of a FLIR system is to detect the arrival of IR energy, electronically 
| process the detected energy, and display the results to the FLIR operator. There are two 
standard parameters for describing | FLIR performance: Minimum Detectable 
Temperature Difference (MDTD or MDT) and Minimum Resolvable Temperature 
Difference (MRTD or MRT). Each of these provides a sensitivity measurement of the 


FLIR system. 
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1. MRTD 


The MRTD method of FLIR system description is the most commonly used. The 
definition of MRTD 1s “ the smallest temperature difference in a standard periodic test 
pattern for a given spatial frequency that is resolvable to an observer over an unlimited 
viewing time’ [Ref.6:p.242]. So, it gives the AT between the target and ambient 
temperature of a standard 4 bar (7:1 aspect ratio) chart required to make the bars just 


resolvable as a function of the spatial frequency. 
Shumaker gives a typical form for the MRTD equation. [Ref. 7: p.8-52] 


MET y= 


} 
2* SNRT * NET * p,/? ately “F*n *n J 
e r OS SS : i) | 


MTF (v) L 


where, 
SNRT = signal to noise ratio threshold 
NET = Noise Equivalent Temperature 


MITE = Modulation Transfer Function 
= Overscan ratio 


N OSs 
N., = Serial scan ratio 
IE 


= Length-to- width ratio of the bar 


y= Spatial frequency 
t. = eye integration time in seconds 
F_ =Frame rate 


Pp, =Noise filter factor 
A. =in-scan detector subtense 


A. =cross-scan detector subtense 


For calculations purposes it is convenient to express MRTD as a function 


of spatial frequency f in a parametric form. 


f(t) 
MRTD = SL + SC#2*=[- exp? /, Dae 
€ 
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where SL is the sensitivity limit, SC is the sensitivity contrast and ER is the Equivalent 
Resolution. All three constants are derived for any given FLIR by fitting the equation 2.12 
to the measured or calculated MRTD of the system for a 4 bar target pattern with aspect 
ratio equal to 7. FLIR constants are not generally available for specific military FLIR 
instruments but can be deduced from suitable generic models. Since MRTD is a function 
of spatial frequency, the maximum range for classification or recognition is the range at 


which the ship/background AT matches MRTD at the spatial frequency given by the 


appropriate criterion (e.g., the Johnson Criterion). 


Z MDTD 


The MDTD definition of a FLIR system is similar to the MRTD, but the target is 
represented as a large square and MDTD is a as dependent on the eye parameters. The 
definition of MDTD is the minimum detectable temperature difference between a large 
eaten target and its background that just makes the square target detectable. Shumaker 
also provides a typical form for MDTD [Ref. 7: p.8-55]. 

The calculations of MDTD for a generic FLIR system can be described by a curve 


fit equation as shown in equation 2.13, 
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MDTD = SL+ a 
TAS 


bo 


a 





“(TAS? + ER?Y” | 


/ 


9. 


where SL, SC and ER are empirical FLIR constants as before. TAS represents the 
. au Ay 
target angular subtense in mRad, which equals 1C a At 1s the projected area of the 


target, and R is the range. 
The effective temperature difference, AT, is the temperature difference required of 


two blackbodies to produce the actual in-band average radiance difference between a 
target and its background. Shumaker provides a detailed discussion of all the factors that 
must be considered in determining the nature and magnitude of thermal signatures, and 


relates them to a AT that can be used to characterize targets for analysis [Ref.7:p.2-19]. 


3. Johnson Criteria 


In 1958, Johnson conducted an experiment using eight military vehicles and one 
observer to develop a relationship between spatial frequency and a target. During the 
experiment, Johnson placed tri-bar patterns next to military targets as he varied 
conditions. He noted what tri-bar frequency could just be resolved when a given visual 
discrimination task was accomplished. Then, he related the visual discrimination levels to 
the Air Force tri-bar target frequencies using the minimum dimension of the target as a 
reference. From this experiment, and some improvements to relate the results to FLIR 
systems the Johnson Criteria was established. The table 2.1 contains the two dimensional 


cycle criteria for a 50% probability of task discrimination that are in current use. 


lee 


Discrimination Level Definition = 2-D Cvcles 
DETECTION ; An object is present (Object vs. Noise) gS 
CLASSIFICATION Distinguish targets from similar sized non-targets Fe 


RECOGNITION The class to which the object belongs (tank,Truck, 
Destroyer) 

IDENTIFICATION Determines the specific military designation (172 a 
tank,DD963, CVN69) 


Table 2.1 Two-dimensional Johnson Cycle Criteria. 





In order to establish the bar-chart equivalent of a specific discrimination task, 
selecting the proper target size is critical in obtaining meaningful results. In Johnson’s 
original work, he chose the minimum target dimension as the target’s “characteristic 
dimension.” Lawson and Moser found that using the average target dimension (square 
root of its area) as the “characteristic dimension” \ed to consistent predictions for targets 
regardless of aspect, while use of the minimum dimension led to erroneous conclusions. 
The area of the target that is of concern to the FLIR analyst is that projected area normal 
to the line-of-sight from the sensor to the target. This area is dependent on the target 
dimensions, the observing aspect, and any obscuration of the target. 

Shumaker provides detailed descriptions and physical dimensions for a variety of 


military targets [Ref.7:p.2-8/2-14]. 
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HI. COMPETING MODELS 


A. TACTICAL DECISION AIDS 


The Tactical Decision Aids (TDA) are special tools designed for assisting a 
decision maker by assimilation and convenient presentation of data and analysis of 
tactical problems beyond what is feasible by humans in timely fashion. Since the 
advances of the technology go on and on, the weapon systems have reached a high level 
of development that sometimes makes them very difficult to use in the operational 
environment. This is one of the main reasons why we have TDAs, [Ref.9: p.1-1]. 

According to Holst, Electro-optical imaging system analysis is a mathematical 
construct that provides an optimum design through appropriate tradeoff analyses. A 
comprehensive model must include the target, the background, the properties of the 
intervening atmosphere, the optical system, detector, electronics, and the human 
interpretation of the displayed information. While any of the components can be studied 
in detail separately, the whole Electro-optical imaging system cannot.[Ref. 2 : p.12-13] 

An EOTDA typically consists of input and output processors and three pen 
models: a Target Model that determines the inherent signal that emanates from scene 
objects, an Atmospheric Model which estimates the degradation of signal from target to 
sensor due to weather conditions, and a Sensor Model which determines the range at 
which an object can be detected or at which a weapon system can lock-on. This thesis 


describes each one of these two codes (under study) based upon these three main or 


iL. 


fundamental parts plus the way that each one presents the outputs. See Figure 3.1 on page 


58 for a Functional Diagram of a general TDA. 


B. ACQUIRE MODEL 


ACQUIRE 1s an analytical model that predicts target detection and discrimination 
range performance for systems that image in the visible, near infrared and infrared 
spectral bands. Broadly speaking it is a FORTRAN program designed to run on IBM- 
compatible PCs and Unix workstations. Also, it is intended for experienced system 
analysts who are knowledgeable of IR technology and the basic methodology applied in 
the model. 

This thesis uses ACQUIRE version 1 dated May 1995. The model was developed 
by the U.S. Army Night Vision and Electronic Sensors Directorate, at Fort Belvoir, 
Virginia. As for other Electro-optic system range performance models, three main 


components are built in: 


1. The Target Model 


The program calculates the probability-range relationship based on input target 
characteristics (length, height, and target-background temperature difference), 
atmospheric conditions, MRTD curves, and a 2D formulation of the Johnson’s Cycle 
Criteria methodology. Basically, the target is represented by a temperature difference 


against background. The target signature is either the target contrast (visible or near IR 
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imager) or “delta T” the zero-range temperature difference between the target and its 
background (thermal imager). 

The model includes range prediction methodologies for both target discrimination 
and target spot detection. For a target imbedded in a nonuniform or cluttered background, 
discrimination of characteristics that separate the target from the background is required 
in order to perform detection. For a target against a uniform background, detection may 
occur when the signal-to-noise ratio (SNR) on the display element representing the target 
exceeds the SNR of the background. 

Target discrimination is usually divided into three levels: detection, recognition, 
and identification. Detection can be defined as the determination that a target of potential 
military interest is present within the sensor field-of-view. Recognition would be the 
discrimination between specific objects within a class of similar objects (truck, tank, 
APC, etc). Identification is defined as the discrimination between specific targets (T-72, 
Mae ete) [Ret 102 paul: 

Due to advances in technology and improvements to FLIR systems, Johnson's 
Criteria have had to be updated. A series of perception tests conducted by the U.S. Army 
CECOM Center for Night Vision and Electro-optics Visionics Division demonstrated that 
both horizontal and vertical resolution are equally important to determine the ability of 
test subjects to perform visual discrimination tasks. This correction was made to the 
Johnson Criteria, which generated a new level of target discrimination, classification that 


can be defined as discrimination between general classes of vehicles [Ref.10: p.13]. 


ACQUIRE User’s Guide defines the probability of target discrimination as a 
function of the number of equivalent cycles resolved on the target by the sensor. For a 
given target at specific range and apparent signature, the number of cycles resolved is 
determined by either Minimum Resolvable Temperature Difference (MRTD or MRT) or 
Minimum Resolvable Contrast (MRC), and 1s given by: 


e 
n= Sa “om 


where, 
C, 1s the Characteristic Size of the target (Critical Dimension) in meters, R is the range 
to the target in kilometers and f, is the frequency in cycles per miliradian resolved by the 
sensor. ACQUIRE uses an empirical curve fit to the Target Transfer Probability Function 


(TTPF) that is given by: 


(1/71 5 ye 
1+(n/ng)® a 
where E=2.7+0.7 (n/ny ). 


(n/n ) is the number of cycles required to be resolved in order to achieve a 50% 


probability of target discrimination (detection, classification, recognition, or 
identification){Ref.9]. 

In the case when a target 1s against a uniform background, the detection range 1s 
calculated using either Minimum Detectable Temperature Difference (MDTD) or 


Minimum Detectable Contrast (MDC) and threshold signal-to-noise ratio. 


ADs 


ACQUIRE includes 23 standard targets (small land targets) to select from the 
target_lookup table, if the target is not included, a target data group must be created. This 


data group is used to specify the size, as its critical dimension, and signature of the target. 


De The Atmospheric Model 


To reach the IR detector, the radiant flux from the target has to pass through the 
atmosphere. The earth’s atmosphere is filled with absorbing agents, components of the 
atmosphere, which extract energy from the supply of radiation (attenuation). Also, the 
small particles suspended in the atmosphere cause scattering and emission of IR radiation 
in all directions. 

The most significant absorbers in the atmosphere are water, carbon dioxide, and 
ozone. On the other hand, scattering is produced by molecules of the air and aerosol 
particles suspended on it. The ratio of the intensity of usable radiation passing through a 
body of air and entering an optical system to the intensity originating from the target is 
known as the atmospheric transmittance [Ref. 7 :p.3-1). 


ACQUIRE has two options for modeling atmospheric transmittance. The first 


option is using Beer’s Law, in which the atmospheric transmittance (T,) is given by: 


Or 3.3 


where wu is the attenuation (extinction) coefficient (km “') and R is the range (km). The 
extinction coefficient includes the molecular scattering coefficient, the molecular 


absorption coefficient, the aeroso] absorption coefficient, and the aerosol scattering 
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coefficient. For a finite bandwidth, Beer’s Law with a single constant extinction 
coefficient frequently does not adequately represent the extintion. 

The second option, recommended in the ACQUIRE Users Guide, is to specify 
atmospheric transmittance as a function of range. Several models exist for computing the 
transmittance; the most commonly used is LOWTRAN. Currently, Lowtran is being 
retired in favor of MODTRAN. This method requires the standard meteorology data set. 

The effects of smokes and obscurants are included by specifying a mass extinction 
coefficient and a concentration length. ACQUIRE, then modifies (attenuates) the target 


signature due the atmospheric transmittance and smoke transmittance. 


3. The Sensor Model 


The sensor model in this code is selected according to its specific performance 
parameters. They are selected as MRT, MDT, MRC, or MDC from a look-up table. Each 
sensor has a specific character string ID which is required as input data. The sensor IDs 
must match with sensor performance curve data that is stored in a special data file. 
ACQUIRE also lets users define specific sensors when they are not included in the 
lookup table. In this case, the horizontal field of view 1s required in order to calculate 


search performance; it must match the input MRT or MRC data points. 


c WIN-EOTDA 


The Naval Research Laboratory, in Monterey, CA, developed Win-EOTDA 


version 1.0. This product was derived from the Mark III Electro-Optical Tactical Decision 
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Aid (EOTDA), which was originally developed by the USAF Phillips Laboratory. 
This thesis uses Win-EOTDA version 0.7 dated June 1997, which is a special version just 
for experimental purposes [WinEOTDA Program Help]. 

Windows Electro-Optical Tactical Decision Aid (WinEOTDA) is a computer 
model that predicts the performance of Electro-optical systems, based on environmental 


and tactical information. The model consists of three microcomputer-based programs 
supporting infrared (8-12 tm), visible (0.4-0.9 um), and laser (1.06 um) systems. Each 


program is comprised of three sub-models: an atmospheric transmission model, a target 
contrast model, and a sensor performance model. 

WinEOTDA has been designed to simplify the process of predicting performance 
of Electro-optical weapon systems and night vision goggles (NVG). The input and the 


outputs are presented on a single easy to read form, shown as Figure 3.2. It has a main 
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Piewre 3.2 WinEOTDA Main Screen 
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Screen that contains both input and output in a graphical representation, both of them 
available at a single click of the mouse. 

Input data can be changed from the main menu, the toolbar, and by clicking on hot 
spots on the main screen. Data entry forms will appear and guide users through the input 
process. Output can be found on the main screen and on a separate form that appears 
when you select “Output Form” from the main menu or toolbar. Users will navigate 
among the various screens in the model by using both drop down menus and navigation 
buttons, just like any other Windows application. 

The WinEOTDA main screen leads to multiple forms (and sub-models) that allow 
users to access a user-friendly environmental tool for performing range predictions in a 


variety of scenarios. 


a The Target Model 


In the target model, the program calculates the difference in radiance between 
target and background over the wavelength band from 8 to 12 um. This radiance 
. difference is then converted to a temperature difference. The thermal model converts the 
physical temperature of the target and background to an equivalent blackbody 
temperature. 

The thermal model is based on the Target Contrast Model #2 (TCM2), which 
treats the target as a three-dimensional network of nodes that exchange heat with one 


another and with the environment, providing a detailed thermal signature. The number of 
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nodes per target varies from 17 nodes for the POL tank to 68 nodes for the Apache 
Helicopter (AH-64). 

The principal phenomena interacting to produce the thermal scene are radiative 
heating and cooling; mass and heat transfer effects of evaporation, condensation, 
sublimation, and'precipitation; the thermal properties of the target and background; and 
the thermal transfer by wind [Ref. 11:p. A-1]. 

The TCM2 computes a mean target temperature and it also identifies the hottest 
and coldest of the visible nodes. It then identifies which of these has the greater contrast 
with the background. This identified node gives the target contrast temperature 
difference. 

The WinEOTDA includes 18 standard military (tanks, frigate, gunboat, helicopter, 
power plants, etc) targets to select from, as well as eight classes of generic targets, which 
the user can specify. Each target is associated with up to eight types of backgrounds. The 
backgrounds available are vegetation, soil, snow, water, concrete, asphalt, swamp, and 
rocky field. Each one of these backgrounds is further described by moisture, coverage, 
depth (for water background), and density of the surface type. The WinEOTDA is usually 
used with multiple background instances (up to three) for each run. The program serves to 
use the first entered background as the primary background, which is used to compute 
reflected ground radiation. Each entered background is not considered independently. It is 


important, therefore, to enter the most representative background first. 


ah 


Zs The Atmospheric Model 


The atmospheric mode] evaluates the attenuation of the signal by atmospheric 
constituents between target and sensor. The attenuation consists of four components: 
molecular, aerosol, precipitation, and battlefield-induced contaminants. 

Molecular attenuation is due primarily to absorption by water vapor and is related 
to air temperature and moisture. It effects directly the Mid IR and Far IR bands as is 


shown in the following Table: [Ref. 13 :p.7-3]. 


WAVELENGTH REGION ATTENUATION COEFICIENTS 
Visible (04 ~0.7 um) 


Near IR (0.7 — 2.0 um) Aerosol scattering — (Molecular absorption only for 
specific wavelength) 


Mid IR (3.0—5.0 um) Moiecular absorption (water vapor) — Aerosol scattering 


Far IR (8.0-—12 um) Molecular absorption(water vapor) — Aerosol scattering 


Table 3.1 Importance of attenuation coefficients according to wavelength. 









The combined transmittance resulting from the four types of attenuators is 
accurately evaluated by the model for a range of four kilometers. Transmittance at other 
ranges is estimated by assuming the exponential extinction law (Beer’s law). 

The WinEOTDA model contains 17 different types of aerosols from two basic 
models- LOWTRAN versions 5,6, and 7 use nine aerosol models and eight more from the 
Navy Aerosol size distribution model (NAM). The following Table shows the nine 
aerosols models contained in WinEOTDA [Ref.10: p.127]. 

Most of the aerosol model is accessed by using the entering aerosol model data. 
The rural model describes the boundary-layer background aerosol] found in continental air 


masses (microscopic soil particles and manmade processes). The urban model describes 
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NAVY MARITIME 


Table 3.2 Aerosol Models 







the concentration of particles produced in urban and industrial complexes. The 
tropospheric model characterizes aerosols found in very clean air masses and in the free 
atmosphere. The desert aerosol model characterizes aerosols found in the boundary layer 
of desert, arid, or semi arid climatic regions. 

The Navy Maritime model describes the aerosol found in oceanic environments. 
The main difference from the other maritime model is its wind speed dependence. There 
is a sub menu with nine options that depend on air mass history and the average wind 


speed over the target area during the 24 hours previous to the aerosol model forecast time. 


3. The Sensor Model 


The sensor model describes the performance of the sensor in terms of the 
minimum resolvable or minimum detectable temperature difference as a function of 
spatial frequency. A user defined FLIR model can be constructed using the physical 
parameters of the system: overall field of view FOV, instantaneous field of view IFOV 


along and across scan, detector sensitivity, NET, system modulation transfer function 
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MTF, etc, from which MRT and MDT are deduced as function of spatial frequency 
(cycles/mrad). 

The range performance model then determines the range at which the target 
contrast temperature differences modified by atmospheric transmission equals the sensor 
MRT or MDT. The relation between target spectral frequency (for given task of detection, 
recognition, etc) is defined by target size and the Johnson criterion. 

The sensor performance model determines the range at which the actual contrast 
(temperature) signal received by the sensor equals the threshold signal for detection or 
lock-on. Normally, the signal decreases as the target-to-sensor range increases. The 
threshold signal is determined by the target’s apparent size (angular subtense) as viewed 
from the sensor. The angular subtense is equal to the critical dimension of the target 
divided by range to sensor. The smaller the angular subtense, the larger the threshold 
value of the signal. 

WinEOTDA supports three sensor types (IR, TV, or Laser). This thesis only treats 
IR sensors. A number of sensor data files are supplied with the program. For some of the 
Supported sensors, system parameters and/or predicted ranges are classified when 
associated with the sensor name. Each sensor has a unique three-digit number associated 
with it. Sensor IDs are divided into two categories: standard IDs reserved for sensors 
supplied with the program and additional IDs for user-defined sensors. The list of 
software-supplied sensors and IDs is in a confidential appendix of the User’s Manual. 


Neither the list nor the confidential appendix was available for the author of this thesis 
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because of the classification level. This thesis utilized the generic sensor model genl and 


gen2 included in WinEOTDA and one user-defined mode] NACIT9. 


D. SCENARIO 


Since EOTDA assess the performance of air-to-ground weapon systems and 
ACQUIRE does the same task for small land targets, particular scenario conditions were 
selected for achieving and setting the comparison between these two codes. The scenario 
will be described according to the main sections reviewed previously. 

A land target represented by a Soviet T-72 tank and a Gunboat as an air-to-sea 
target were selected based on the following criteria: 

e Target related with TDA Code designed for. 
e Target in a lookup table for both TDA codes. 
e Target data availability in the references. 

Operational sensor performance data were not available for use in WinEOTDA 
and ACQUIRE due to classification issues. Performance was estimated based on 
published physical descriptions of the AN/AAS-36 IRDS system. A general description 
of this sensor can be found in the thesis by Kreitz [Ref.11:p. 17-21]. The NACIT9 MRT 
model was generated using these data. The two generic models gen1 and gen2 were also 


used. 
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The atmospheric data were selected according to the typical operational scenario 
for each target selected. Therefore, a desert atmospheric data set for a T-72 tank target 
obtained from Strike Warfare Weapons School at Fallon Naval Air Station, Nevada 
[Ref.16] was used. Special open maritime atmospheric conditions for a Gunboat target 
were selected from the database of the PREOS92 experiment at Monterey Bay, performed 
by Naval Command, Control and Ocean Surveillance Center (NCCOSC), Research, 
Development, Test and Evaluation Division (NRaD) and Naval Postgraduate School 
(NE SiliRet lo): 

The following Table summarizes the data used as input for these targets in the 
ACQUIRE and WinEOTDA codes. The selection of ACQUIRE with target T-72 and 
WinEOTDA with target Gunboat is just an example. Each target was exposed to each 


code with similar parameters and under similar conditions. 


39° 14°(N) — 118° 14’ (W) 36° 47’ (N) - 122° 18" (W) 
:2.16 Ls :3.35 F: 


Table 3.3 Summary of data input for both codes: ACQUIRE and WinEOTDA 
AN/AAS-36 FLIR represented by NACIT9 model 
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IV. DATA COMPUTATIONS AND RESULTS 


A. GENERAL 


ACQUIRE and WinEOTDA have their particular ways to handle data inputs, 
computing or calculating algorithms and the output data. This work is not intended to 
describe in detail the way that each code does this; 1t would be better to have a Technical 
Manual on hand for this purpose. Instead of this, the main modules of each code are 
presented with the data processing used to get the predicted target detection range for 
each for equivalent operator inputs. It is necessary to point out that both codes can 
perform range prediction in three well-defined bands; however this work just deals with 


the infrared band (8 to 12 um). 


According to Holst, performance of an optical system is optimized by performing 
a series of tradeoff analyses as a function of a variety of variables. As we saw previously, 
typical variables include field of view, atmospheric transmittance, target size, target 
intensity, and stabilization. Each tradeoff provides a different view of overall 


optimization [Ref. 2:p 441]. These tradeoffs will be pointed out in this section. 


B. ACQUIRE INPUTS 


The Army code ACQUIRE requires a data input file with the target, sensor and 
scenario parameters, which must be created before running the code. This data file must 


be an ASCII text file with a specified format (See Appendix B). As was pointed out in 
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chapter two, the target can be defined using a target_lookup table or a user defined data 
group. The two methods were used in this work. 
The target_lookup entry format used was: 


>target_lookup 


target_id T72  --- 
aspect F F_or_S 
signature 1.25 degrees_C_or_contrast 


The target_id selects a T72 target from the lookup table. There are 23 small land 
targets in this table; also, there is a default value for a T62 target. The aspect represents 
the position of the selected target; it is related to the critical dimension directly. For the 
Front (F) aspect the critical dimension value is 2.55 meters and for the S aspect the 
critical dimension is 3.60 meters; these values are set in the database for each target. The 
code was run twice, once in each aspect to discriminate the difference in the performance. 
The results are included in the Appendix B. The signature is the difference in 
temperature between the target and the surrounding background. It was set as the default 
value for a thermal imaging system (1.25 degrees centigrade). 

The other selected target was a Gunboat. In this case it was necessary to define the 


target characteristics because it is not represented in the internal lookup table. The format 


used was: 
>target 
characteristic_size 10.12 meters 
signature 4.6 degrees _C 


The Gunboat is then represented by these two parameters. The 


characteristic_size represents the critical dimension of the target as defined previously. It 
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was computed for both aspects Front and Side using the following equation from 
Shumaker [Ref.7 :p.2-15]: 


A, =/lwsin@cos¢ +hwcos6 cos¢@ + hicos6 sin ¢ 4.1 


is the target length 
Ww is the target width 
h is the unobscured target height of an equivalent Parallelepiped 
Q is the azimuth angle 
6 is the elevation angle 4 
The following Table shows the parameter values of the Gunboat target based on 
the dimensions of the Research Vessel POINT SUR (R/V POINT SUR) which was used 
as a platform for the PREOS experiment in 1992. The Table also includes the critical 


dimension values computed by Equation 4.1. 


Ship length | 41.5 meters 


Elevation angle 6 2.80° sin ™ (altitude / range) 


Azimuth Angle Side Aspect ¢ 
Azimuth Angle Front Aspect ¢ 


Projected Area A, Side Aspect 384.16 m° 


Projected Area A, Front Aspect 102.41 m? 


Critical Dimension Side Aspect 19.60 meters 


Critical Dimension Front Aspect 10.12 meters 





Table 4.1 Critical Dimension of Gunboat target. 


The signature parameter is the temperature difference between the target and its 
surrounding background; it was set to 4.6 degrees as the average temperature of the ship 
and the background during the selected day on August 4,1992. [Ref. 12:p.57-59] 

The environmental effects are considered in ACQUIRE by modeling the 
atmospheric transmittance and the effects of smokes and obscurants. The ACQUIRE 
User’s Guide suggests getting the atmospheric transmittance as a function of Range. 
Using LOWTRAN 6, an atmospheric propagation model, a set of values was obtained 
relating to the specific environment where those targets were supposed to operate; a 
desert environment and a maritime environment. Table 4.7 and 4.8 (pag.59-60) shows the 
parameters used as input in LOWTRAN 6. This is the only way in which ACQUIRE 
introduces meteorological and regional data into calculations. The format used was: 


>band-averaged_atmosphere 
# points: 20 Km transmittance 
0.000e+00 1.000e+00 


The transmittance values are included as part of the written program for each 
target, and they are shown in Appendix B. Smokes and obscurants were not considered. 


Another main section in the ACQUIRE input program is the sensor. It 1s 
considered as the vital part of the program. For this thesis several programs were written 
and run using the generic sensors (genl1, gen2) included with the ACQUIRE model. Also, 
a sensor data file was developed by the author from the available data of the AN/AAS-36 
and theoretical values. The required input data defining a sensor are the MRTD and 


MDTD values as functions of spatial frequency, expressed in terms of empirical constants 
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equivalent to SL, SC, and ER of equation 2.12. An appropriate set of constants was 
obtained by inserting the available physical parameters of the AN/AAS-36 FLIR in 
equation 2.11 with theoretical estimates for the terms not directly available. The 
corresponding set of FLIR parameters SIL, SC, and ER was determined by matching 
equation 2.12 to equation 2.11 empirically for the useful range of spatial frequency. The 
optimal values of the parameters were determined iteratively using an Excel spread sheet 
to match the outputs of equation 2.12 to equation 2.11. Table 4.2 shows the set of values 
of MRTD as a function of spatial frequency, which was developed to be used as sensor 
inputs for each code. The estimated MRTD curve and MDTD curve for calculating range 
predictions were derived from Shumaker’s example 8-13 and 8-16 [Ref. 7 ] for a generic 


FLIR system in WFOV. The detector angular subtense Ax and Ay were chosen as 0.45 


mRad to represent a modeled FLIR system in WFOV. The Noise Equivalent Temperature 
Difference (NET) was chosen as 0.140 K, between 0.1K (Shumaker example) and 
0.250K (Moser’s reference). Figure 4.1 is the Excel data sheet including the graph of 


MRT curves on page 61. 





[From Shumaker | Result | 
0.010078) 0.057347] 0.017026 
0.012728) 0.120642] 0.024775 
0.015714] 0.268442] 0.094768 
0.019114] 0.675595] 0.048469 
(0.027737| 6.635714] 0.097468 


Table 4.2 MRTD as function of spatial frequency for “generic’’ FLIR system 
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The sensor data file contains the data (MRT and MDT) as a function of the spatial 
frequency for genl and gen2 from the ACQUIRE database (included with the code) to be 
used for computing the prediction ranges. The sensor file 1s enclosed as a part of 
Appendix B. The format used was: 


>sensor_lookup 


data_file_ name sensor.dat a=- 
sensor_id gen] — 
performance_mode MRT MRT MDT MRC or MDC 


Using this format, the code was run three times, first one with the data from genl 
and second with the data from gen2. The results show slight differences. The third run 
was with the prototype sensor data (calculated from AN/AA-36 and _ theoretical 
parameters) which was included in the same sensor data file under the name “NACIT9”. 
These runs used the same format as above, but with the sensor_id changed from genl to 
gen2 and NACIT9. 

The program files with all needed parameters were arbitrarily designated as 
NACIT1, NACIT11, NACIT2, NACIT21, NACIT3, and NACIT31. All of them are 
included in the Appendix B. ACQUIRE generates an output file with the same name as 


the input file plus an extension. 


Oe ACQUIRE OUTPUTS 


From the input files reviewed previously, ACQUIRE generates an output file for 
each one. Each output file has an extension — rl or r2 — The ri file is used to verify the 


performance with respect to a specific probability requirement. The r2.file lists in tabular 
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form the discrimination probability given target range, which is the way that ACQUIRE 
calculates performance. Six output files were obtained after the ACQUIRE computations, 
and these are included in the Appendix B. 

The NACITI.rl and the similar files are basically divided into three sections. The 
first section is a Summary of the input and default values used by ACQUIRE. The second 
one is a detailed examination of the intermediate result files and is presented as text 
messages. Figure 4.2 shows an example of this section, for the Gunboat target at Side 


aspect. 


MESSAGES 


2D MRTD from lookup table 


cyles/mrad MRTD 
2.970e-001 .020e-002 


4.300e-001 
5.990e-001 
8.200e-001 
1.091e+000 
1.390e+000 
1.692e+000 
1.987e+000 
2.265e+000 
2.522e+000 
2.754e+000 
2.959e+000 
3.148e+000 
3 .300e+000 
3.440e+000 
3.567e+000 
3.649e+000 
3.723e+000 
3.778e+000 
3.834e+000 


.460e-002 
.100e-002 
-020e-002 
-340e-002 
-230e-002 
.960e-002 
-288e-001 
-851e-001 
.660e-001 
-823e-001 
-494e-001 
-896e-001 
.135e+000 
-631e+000 
-344e+000 
.369e+000 
.841e+000 
-958e+000 
-000e+001 


PHP WNPRP PRP AITUWW MPP OHH WNEP PR 


Sky-to-ground ratio defaulted to 1 for thermal systems. 

Last range for input atmospheric transmittance data is less 
than maximum range. 

Spline fit returned a negative atmospheric transmittance; add 
more points to input transmittance data array. 

Loadline does not intersect MRTD/MRC above range 15 km, extend 
curve to lower frequencies and temperatures. 


genl from sensor.dat 


characteristic dimension: 19.6 meters 
inherent signature: 4.6 degrees C 





Figure 4.2 ACQUIRE typical output (Messages) 
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The third section is the tabulated result of the run, called “Observer Ensemble 
Performance Range Given Probability...”. The probabilities are given in five- percent 
steps (5%) from 0.95 percent down to 0.05 percent (5%). The following Figure shows a 


typical output file that 1s generated from ACQUIRE, 


OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 
WFOV NFOV NFOV NFOV NFOV 
N50=0.75 N50=0.75 N50=1.50 N50=3 .00 N50=6.00 


oooo00o 0 0 0 0 00 00 000 0 WY 
e e e . e s . e e e e s s e a s e eo e 


Oe 
Oe 
Ox 
0. 
om 
om 
OQ. 
OF 
Oe 
Oz 
oO 
Or 
Oz 
Oe 
Ur 
O% 
OF 
Oe 
Oe 


Soe ooo Oo OS 





Figure 4.3 ACQUIRE typical output. Gunboat at Side aspect (range performance). N50 is a 
Johnson cycle criterion that corresponds to a 50% probability of target task (detection, 
recognition, classification, identification) 


D. WINEOTDA INPUTS 


WinEotda requires two kinds of input data: Meteorological and Site (Met) 
information, and Operations and Intelligence (Ops) data. The Met data includes the 
location, the surface weather forecast, and the thickness of the boundary layer. The data 


are entered using the Met form from the main screen (left corner). The Ops data includes 
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the electro-optical sensor_ID number, sensor height, viewing direction, targets, and 
backgrounds. The data are entered using the Ops form from the remaining three corners 
of the main screen. 

The following Figure shows the WinEOTDA Met data form. It will show up by 
using the input drop down menu button and selecting Meteorological Inputs. A detailed 


description of each parameter is enclosed in Appendix C. In order to differentiate the 


im. Met Input 


Dace ToT TT TTT TT TT TT TT | To 
Apt 


a5 15 1 


Tio] 10) so] to] io 10) 15] 15) 1 
lS 





Figure 4.4 Met Data input form for WinEOTDA (Sample) 
two scenarios in this work, a set of meteorological data was used for each one based on 
the specific weather conditions of the previously referenced open field experiments at 


NAS Fallon, Nevada and off the coast of Monterey, California. 
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The available/required entries for the Met-input form can be selected from the 
three categories: Terminal Aerodrome Forecast (TAF), non-TAF code surface parameters, 
and radiosonde data. Since this is a laboratory work based on recorded data, the non-TAF 
surface parameters were used. 

The following Table shows the parameter set used for each one of the target 


scenarios. The Met data didn’t change when different sensors were implemented. 


Desert Environment Maritime Environment 
Data from Reference 16 by | Data from Reference 13 by 
Koch, Cynthia Fu-Chau, Liu 


_seocinpatenees [SFr 


Type: Low Type: Low 
Height: 300 hft Height: 300 hft 
Amount: 8 Amount: 5 


Parameter 





Table 4.3 Meteorological data set used for each Environment 
The surface air temperature, surface dewpoint temperature, aerosol index, and 
visibility are used to compute an extinction coefficient. Extinction coefficient 1s used in 


IR, TV, and laser models. The extinction coefficients are used to compute the effect of 
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incoming radiation and the efficiency of signal transmission from the target scene to the 
sensor. An extended explanation for each parameter in this form is enclosed in Appendix 
C (pag. 108-110). 

The Ops data is entered using four different data entry forms: Sensor entry form, 
target entry form, target-location entry form, and background entry form. They are 
available by double clicking the descriptor picture in the main screen or from the drop 
down Input menu button. 


The following Figure 4.5 shows the target entry form used in this case: 


Target #1 Target #2 


Target Elevation | 
(ft MSL} 


b+ 


“| 





Figure 4.5 WinEOTDA Target Data Entry Form 
It shows a set of selected parameters for target #1: a T72, and also, the parameters 
for the target #2: a Frigate. Later, the target #2 was changed to a Gunboat for which the 


dimensions and characteristics are the same as the Research Vessel POINT SUR. A 
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detailed description of the parameters on this Figure 4.5 is enclosed in the Appendix C 
(pag. 107). 
The sensor entry form 1s represented with an aircraft on the main screen, double 


clicking on that picture will bring up the sensor form shown in Figure 4.6. 


SENSOR DATA ENTRY FORM 


BPS IS LEG PL OBL DL LPP 


-EOTDAT Type 
ic if c wv Cc LASER 





Figure 4.6 WinEOTDA Sensor Data Entry Form 


Since this thesis deals with IR sensors the selection was made between 25 
different sensors. Also, a user-defined sensor # 150 was used with data obtained from the 
AN/AAA-36 physical parameters and theoretical values. The alphanumeric output shows 


the sensor data input for each run. See Appendix C (pag. 100-106). 


The background data entry form is represented on the main screen by three 
rectangular boxes, with a generic picture of the selected background. Double clicking on 


each rectangular box brings up the following form: 


BACKGROUND DATA ENTRY FORM 


ee bekoondt 





Figure 4.7 WinEOTDA Background Data Entry form 


The background affects the target signature in several ways. One is that the 
background temperature is a factor in the hot/cold spot selection. Another is the impact of 
background temperature on target mean temperature. So, the first-listed background is 
considered a primary background and plays a singular role. In computing the ground 
radiation that is reflected, TCM2 takes only the primary background into consideration 


[Ref. 11:p. A-6]. Since this fact could be a source of error, the author set the same target 
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T72, as target #1 and target #2 for the first run; and the Gunboat, as target #1 and target#2 
for the second run. 

The position of the target is defined by the latitude and longitude coordinates. 
The location of the target is used in the calculations of solar position, lunar position, and 
temperature. The form for this parameter is found at the bottom left corner, just below the 
target pictures, on the main screen. The two selected scenarios were very well located by 
their geographical coordinates, as shown in Table 3.3 in the previous chapter. 

When all parameters are set, the code WinEOTDA was run. So, when the 
execution is completed, an indication of a successful run is presented at the bottom of the 
main screen. Then, in the center of the main screen a box appears with the predicted 


maximum range for those specific parameters. 


E. WINEOTDA OUTPUTS 


There are three possible ways to get data output from WinEOTDA: 
Alphanumeric, graphic and tabular output. After the run is completed, the code 
automatically generates all three kinds of output. Also, the WinEOTDA results are 
presented in a grid on the main screen (pag. 96). In this case, just the maximum ranges 
for each target against the selected backgrounds are presented. The user has the 
possibility to change the units in the main screen grid-output by clicking on the label 
containing the units. The options are kilo-feet (kft), kilometers (km) and nautical miles 
(nm). 
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Tabular Output provides WinEOTDA ranges in an easy to read format. For the IR 
model, ranges are displayed for each target for both Narrow and Wide Fields of View. 
The range displayed 1s the longest detection range, factoring in al] backgrounds and both 
MDT and MRT. 

The following Figure shows the table/tabular output for run # 8; the target is a 
Gunboat, the atmospheric conditions were set as a Maritime environment with strong 


continental influence and the user-defined sensor # 150 was used. 





IR EOTDA EXECUTION OUTPUT 










Time: 11/09462 Gunboat unboat 
Range {nm} Range (nm) 
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0.0 --> No Value Computed 
-1.0 --> No Solution Possible 







Figure 4.8 WinEOTDA Tabular Output for run # 8 
The user can graph the contents of the table by using the right mouse button 


anywhere on the table. The author chose the 000 and 090 VIEW DIRECTION as the 


FRONT and SIDE aspect ratio in order to compare with the ACQUIRE results. 
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The Alphanumeric output 1s designed to permit creation of output products 
tailored to the user specific needs. All possible output products are created and are 
available for viewing. The code automatically produces output for the number of Fields of 
View (FOV) and the number of methods supported by the sensor. Since this output is too 
large a file to be shown here as a figure, it is enclosed as part of Appendix C (pag. 100- 
106). 

The Graphic output is designed to display a template with one to four plots. Each 
plot is a single graph defined by an x- and y-axis. The plot contents define which targets, 
backgrounds, and FOV are displayed. A sample of this kind of output is enclosed in 


Appendix C (pag. 114). 


F, RESULTS 


This chapter contains all procedures and intermediate results that were obtained 
through this work. This last section will show the final results and the comparison 
between these two codes. 

The Table 4.4 shows the predicted maximum ranges from ACQUIRE, assuming 
the required probability of detection based on the kind of task to be accomplished. Since 
WinEOTDA gives maximum range prediction only for detection, the remaining 
ACQUIRE results for classification, recognition and identification will be ignored for 
comparison purposes. However, a set of plots is presented as Figure 4.10 as a reference in 


order to show how ACQUIRE performs the different discrimination tasks. 
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As can be seen from the example in Figure 4.9, the results show some dependence 
on whether the sensor “sees” the target at Front or Side aspect. As was expected, the Side 
aspect presents greater values of range prediction, due of course to the increase in target- 


critical dimension. 


ACQUIRE: FRONT vs SIDE 





14.00 
2100 
5 10.00 
8.00 
QO 6.00 
= 4.00 | 
£ 200 | 
0.00 | 





0.00 9.00 10.00 15.00 20.00 
PROBABILITY OF DETECTION | 






-@ NFOV(F) = NFOV(S) 





Figure 4.9 Relationship between Front and Side Aspect 


Figure 4.10 compares the ACQUIRE predicted range versus probability of 
detection for the T72 target (4.10 a) and the Gunboat target (4.10 b). In both cases, 
ACQUIRE produces larger values in NFOVd (detection mode). Also can be noticed that 


there is a difference for each performed task. 
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Figure 4.10 (a) ACQUIRE Output. T-72 as target, Front Aspect 


RANGE (Km) 


{ 


Desert Conditions, Sensor gen2 


ACQUIRE GUNBOAT RUN 7 
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PROBABILITY OF DETECTION 
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Figure 4.10 (6) ACQUIRE Output. Gunboat as target, Side Aspect 


Maritime Conditions, Sensor gen 1. 


NFOVd= Narrow Field of View for Detection. 
NFOVr= Narrow Field of View for Recognition. 
NFOVc= Narrow Field of View for Classification. 
NFOVi= Narrow Field of View for Identification. 
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The observed range shown for each target, as well as the input weather conditions 
set for each specific environment, was based on an experiment at NAS Fallon, Nevada on 
January oo 1996 [Ref.16] and the PREOS92 experiment off the Monterey Coastline on 


August 4", 1992 [Ref.13]. 











ACQUIRE 





GUNBOAT 
WFOV NFOV sweat NFOV 


11.04 167 14.82 
GEN 1 as 8.09 12.31 14.27 14.92 


Ono? 1236 59 


OBSERVED 12.67 Km 
T-72 





















8.72 lye 12.59 12.47 


NACIT9 


= 10.96 13.67 14.97 


Table 4.4 DETECTION Predicted Ranges in Km (Maximum) 





We see that the predicted ranges are in reasonable agreement to the observed 
range. The precise identification of the FLIR sensor used for the observation is not 
known. The generic sensors represented by the models genl, gen2, and NACIT9 differ 
and cause variation in the predictions. For the Gunboat target all three under predict, but 
genl NFOV and NACIT9 NFOV show the closest agreement and approximately equal 
values. For the T-72 in the desert environment genl NFOV gives the closest agreement. 


The agreement for the selected model is of order 20%. 


a 


When the same targets and scenarios are modeled with WinEOTDA, the results 
show close to the same values. Of course, the output presentation and parameters are 
different, as was shown previously. 

The predicted ranges from WinEOTDA are mainly affected by the target 
operating state (not considered by ACQUIRE) and by the target heading. However, the 
difference (in range) is negligible. Also, as was pointed out, the backgrounds play an 
important role in this code performance. 

The backgrounds were selected according to the specific area and typical 
operating conditions of those targets. So, for example, for the T72 in desert conditions a 
Generic Soil Background was selected. Three parameters define the characteristic of this 
background: Type, Surface Moisture and Depth Moisture. The three parameters influence 
solar loading, evaporation and condensation, soil temperature, and convection. [Ref. 11] 
Different combinations of these three parameters were set in order to see how each target 
was affected. The results showed that the difference was real but small. 

Figure 4.11 shows the slight difference occurring when a combination of target 
parameters (operating state and heading) and background parameters was set. The 


difference, less than 1%, is negligible, for practical purpose. 


AR Output Range (nm) EE 
| Ae a abo Gunboat 
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Figure 4.11 WinEOTDA Output (different backgrounds) 
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The following Table 4.5 summarizes the WinEOTDA results, for this model we 


see closer agreement with the observed values. Again genl sensor shows best 


performance with NACIT9 second, and again NFOV is the better mode. 
-— WinEOTDA ae Seay | 
T-72 GUNBOAT 


RANGE 

















WFOV NFOV WFOV NFOV 


oe et 
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Table 4.5 DETECTION Predicted Ranges in Km (Maximum) 








Generally speaking, the WinEOTDA values for the Gunboat target are closer to 
the reference than those for the T-72. It is possible that the aerosol model is better defined 
for the Maritime environment than the desert aerosol model. Gathering the values in a 
more explicit format, it can be noted that WinEOTDA values are slightly closer to the 
reference than those obtained by using ACQUIRE. The selected models show less than 
10% difference. 

Table 4.6 shows a comparison of average values as a percentage of the observed 


range for the two models. 
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WinEOTDA 


Tank T72 Tank T72 Gunboat 


WFOV | NFO WFOV | NFOV | WFOV NF 





Table 4.6 Predicted Range as Percentage of Observed Range 

The code predictions must be expected to show longer ranges for the NFOV than 
the WFOV, since the MRT shows lower values and asymptote at larger spatial 
frequencies for the NFOV. Similarly we expect the predicted ranges to be longer for the 
side aspect that the Front aspect. We notice from Table 4.6 that genl sensor gave closer 
agreement for both codes and targets, especially in NFOV mode. Also, we can see 
different results when targets are in Front or Side aspect. As we expected for the Side 
aspect the values are longer than those from Front aspect are. 

We see both codes have better performance in NFOV. Also, we can see the slight 
difference between the two codes. WinEOTDA in NFOV using the Gunboat as target, is 


just one mile from the observed range. 
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V. CONCLUSIONS AND RECOMENDATIONS 


A. SUMMARY 


This work has presented an opportunity to compare the performance and ease of 
use of two Tactical Decision Aids developed for the US Army and US Air Force/Navy 
applied to equivalent targets for each of two scenarios representing land and sea 
environments. This leads to consideration of cross-utilization of either or both by all 
services, an important concept in the arena of Joint Operations. 

The different means by which the two codes modeled the target and background, 
meteorological conditions, and sensor performance were presented and compared. The 
final topic was a direct comparison of the two models based on predicted target detection 


ranges from the two codes for equivalent operator inputs. 


B. CONCLUSIONS 


ACQUIRE and WinEOTDA are Tactical Decision Aids that can help to make an 
appropriate decision under any operational and environmental conditions. Of course, 
differences in handling required parameters make a large difference between these codes. 

ACQUIRE, for example, requires a trained operator with clear ideas about IR 
theory and the operation of the code. On the other hand, WinEOTDA is practically as 


easy to use as any other Windows application. Just click on the main screen and you get a 


drop down menu with the available options. While WinEOTDA is more user friendly, 
ACQUIRE requires written programs in specific format in order to run. 

Although ACQUIRE was designed for small land targets, it performs an excellent 
job against the Gunboat, and WinEOTDA did the same. Both codes gave only slight 
deviations in predicted ranges. So, if we get the appropriate data: weather conditions 
updated, the characteristics of the target (intelligence sources) and one of these codes we 
can obtain our operational useful range for using the most sophisticated weapons system 
available. 

While the absolute accuracy of the prediction codes cannot be determined in this 
study for classification reasons, the qualitative comparison will provide a convenient 


tutorial introduction for selection of a TDA for specific operational needs. 


C. RECOMMENDATIONS 


Each of the codes can be used as a TDA for any military service. However, some 
minor modifications can improve a lot the accuracy and precision of the predicted ranges. 
For example, ACQUIRE requires a friendly interface to make it easy to work with, for 
non-professional analysts, and additional target and sensor files should be added. 
WinEOTDA has the flexibility and friendly operational interface but it needs some 


computer resources to become available. 


56 


Since the weather conditions of the target area are needed to improve the accuracy 
of the predicted range, the better the meteorological data we get, the more precise the 
predicted range is. 

The overall result shows satisfactory values, however the author believes that 
there were too few values to validate one of them over the other one. It would be 
necessary to perform further analyses and operational validations to choose a standard 


TDA for Joint Operations. 
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TACTICAL System 
DECISION 
AID 
(TDA) 
e GRAPHIC 
e ALPHANUMERIC 
e TABULAR 







OUTPUT 


Figure 3.1 Functional Diagram of a general TDA 
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DATA INPUT FOR TARGET T-72 AT NAS FALLON, NEVADA 


PANEL PANEL DESCRIPTION DATA INPUT SELECTED 
NUMBER 


PANEL 1 ATMOSPHERIC MODEL MIDLATITUDE SUMMER 


PANEL 2 RAY PATH GEOMETRY SLANT PATH BETWEEN TWO 
ALTITUDES 


PANEL 3 PROGRAM OPERATION MODE _| TRANSMITTANCE 


PANEL 4 *TEMP/PRES/W ATER VAPOR NORMAL OPERATION 
PROFILES. 
*RADIOSONDA DATA NONE 


PANEL 5 EXTINTION TYPE URBAN EXTINTION, 5 km VIS 


PANEL 6 SEASONAL DEPENDANCE DEFAULT TO THE SEASON OF THE 
PROFILE MODEL 


PANEL 7 TRANSITION PROFILE DEFAULT 
PANEL 8 AIR MASS CHARACTER NO APPLIED 


PANEL 9 *CLOUDS ATTENUATION NO CIRRUS CLOUD ATTENUATION 


*ARMY VERTICAL NOT USED 
ALGORITHM (VSA) 


PANEL 10 WIND SPEED NOT USED 
PANEL | PRECIPITATION RATE 


PANEL 12 ALTITUDE 
(INITIAL/FINAL/PATH) (0.01/0.5/0.5-30) Km 
PANEL 13 RADIUS OF THE EARTH NORMAL OPERATION 


PANEL 15. REPEAT/END REPEAT 20 TIMES (MODIFIED PATH) 


TABLE 3.7 TARGET T-72 PARAMETER SET FOR LOWTRAN 6 





>? 


DATA INPUT FOR TARGET GUNBOAT AT MONTEREY COAST,CALIFORNIA 


PANEL NUMBER PANEL DESCRIPTION DATA INPUT SELECTED 


PANEL 1 ATMOSPHERIC MODEL MIDLATITUDE SUMMER 


PANEL 2 RAY PATH GEOMETRY SLANT PATH BETWEEN TWO 
ALTITUDES 


PANELS PROGRAM OPERATION MODE | TRANSMITTANCE 


PANEL 4 *TEMP/PRES/WATER VAPOR NORMAL OPERATION 
*RADIOSONDA DATA NONE 
PROFILE MODEL 





VALUE = 3 
PANEL 9 *CLOUDS ATTENUATION NO CIRRUS CLOUD ATTENUATION 
*ARMY VERTICAL NOT USED 
ALGORITHM (VSA) 


PANEL 11 PRECIPITATION RATE 


en Teer, lenges ae, 
(INITIAL/FINAL/PATH) (0.01/0.5/0.5-30) Km 


PANEL 13 RADIUS OF THE EARTH NORMAL OPERATION 
PANELS REPEAT/END REPEAT 20 TIMES (MODIFIED PATH) 


TABLE 3.8 TARGET GUNBOAT PARAMETER SET FOR LOWTRAN 6 
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MRTD COMPUTATIONS 
From Shumaker Ex. 8 ...New Value 











0.0075 0.0225 0.0105 
sC- 0.0325 0.328 O02 
Zo Walls 
















10.25mRad 1mRad 0.45mRad 
0.010018 0.057341 
0.012722 0.120642 0.024775 
0.015714 0.268442 0.034768 
1 0.019114 0.675595 0.048469 
| 0.023063 1.978021 0.068144 
0.027737 6.835714 0.097468 
| 0.033359 28.12041 0.142616 
1 0.040214 138.4451 0.214273}1 
1 0.054719 2599.65 0.436981 
| 0.133215 56697152 4.230673 
0.255343 2.07E+11 25.26968 
4.520145 5.29E+28 117881.7 
30.45667 8.93E+40 












a 


MRTD & SPATIAL FREQUENCY 









40 
| = 30 0.45mRad 
—  ¢ 20 
= 10 
O Se, 





Lee © 
OQ (GOS: GO C907 6 5G ee 


| 

| Sgn 3 oe On OC soe 
| 

| SPATIAL FREQUENCY (cyc/mRad) 


—0.25mRad —# 1mRad 0.45mRad 





Figure 4.1. Excel Spreadsheet. MRTD Computations 
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APPENDIX A. PROPORTIONAL RADIATION TABLE 


The Proportional Radiation Table. 


The "Proportional Radiation", gq = £(A.T) reoresents the fraction of 
the radiant exitance which is emitted by a blackbody at temperature 
T at all wavelengths up to the selected valu@ of A. It is obtained 
from the integral over the Planck Law for wavelengths up to the 
selected value divided by the integral over all wavelengths, 


ie 
1 
[Man ch 
eee 
1 = 

[ear da ; 
Aer XT Aaa 
cm. K : Gm cx : Cavan : 
G2050 1.209652-10° O5140 ger 5905510 Ee o woo 5.38057.10°' 
O4052, %ee79e210°° (6.950 -325023 10 = “s0 450 6. 0se0.10° 
0.054 9.1749.10°" 0.160 1:.9962.10° 0.500 6.3494.10°7! 
O@,056>, 2.-12S5eeo”-  Orig0 D2aceocslo soso 6.5912. 107! 
OS050 6. 4.6745.90. 029890 3229754 101¢ = oO 540 6.8146.10°! 
Queee Sec79e.10-. 0,100 8S 262510 > 8 0-560 7020S. 107 
COs ee Sla6S5tO NOs 200 Smo ey so anor-  ons40 Tao 0%. 
0,064. 325907410 0.210.632.2750 10°  (O2600 Tagg. Om 
OeOcou 624902210 SP 02270 8 i201los.10 9 “0-620 7.5505.10°! 
OOG6 etl s02, 10) NOs 2308 eto 20ci 19 9) 0460 2 B40 20! 
OPO OR dS OOS 10 2 O24 Olen tao ee oe ho. 00 8.0885.10°! 
Oeee2 S3.1045-10 °° Oe250.- Si 5250. 10°. - 0.740 A). 2020007 
QPOge mt, 429236510" Oo 260 7ert.e422410 . 64730 8.4861.10°! 
Gn076 . 7260700 | Usot0ss 2.0cos.10.  =“cGaaeo 8.6455.10°! 
OnOvs  tebe7tacle-> 06250 «2525-10. “Cmcco Ae JO 1 O) 
O.080.%1.5923:.10°' 9.2907 \o.5le2.10" — O790C S904 cn lo. 
Op082) 244457 -10°° 9.300. 92:7459.10" “) 09940 9.0107,10 
On0e4s 3.4668.00- 0.510. 2.971210 “Gaoco SiO os ae 
OP ORoe 4.82465 510 °° Omo2C.) (23-2547 510- Vv iaoo a 1455510"! 
0.082 6615S. 10) Us oO lo Oho. leero S220 bya 0 
Med” <asGressG ODO. S40 soos O. 920 SAS 72 stom 
GeOGD a 71. 107d. | 6 Os Mee eee elo | aa 925331 -00 - 
O.094  1.5566.20° 92-360 '9470502.10 | 2530 9.5304.10°! 
D-€96" 2,004.10 O.270) 2425s 0 . eso 9.6909.10"' 
Q2a98 2.5585.10° 9.380 5 4.4479,40 . eso 9.7390020) | 
0-100 2,0804.10° 9 Ou300) 64.68 cotor 9 eo 9.7777. 
O10 942057600 “G.4@n 9 4.eer7=1e, gueec 5-205 tion 
02100 Sotto 71O” “omaso. 152i 734- 10 wooo 9.65400 10- 
6.1300 9403666510 ° O.440, 25012710: 72 -do 9.38563.10°! 


Adapted from "Optoelectronics; Theory and Practice” A. Chappell. 
Ed., McGraw-Hill Book Company, 1978. 
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APPENDIX B. ACQUIRE SAMPLE OUTPUT 


The following pages are included as an appendix B. The pages show the programs 


and the output files from ACQUIRE. Appendix B contents program runs and figures: 


Page Number 


IAIN HEL cya aerate ey oleae we ene: 66 
PRTG cincoo-t.ot.ae Serre eee ess cee ae ners ees 68 
ER UES OS nee nee accede eran ata ce a 
FREE eee. oo tase teen vas seen ence eee 74 
FRIES ses cstey eee a vee hes eee seine 78 
TRU GEO tee arten ese t wcte an ae aaa Mee raee ener 80 
PRU pen ose eee aa ee oe eee 85 
FRI OM aae sare aee 4 eases Gene incom eins eae 87 
PRM HE rates coreca.csste ope laced actin rer tenis one O2 
RTH nO eres crema cainuneee Acedia teat ee 94 
FTO Wiss al kiess atone etsnroe notin nneais tone cece 69 
PT UT tee 2 oe eetacaiy us se ators Raver lngrt a Acker eater ee 71 
FiSLe Boh. itw.onametcotececontasense eee eee: q5 
BiSure BA Amcsdtiet cesarean Tee ad 
POUT e 15: ve reer Ati ce nhc ee 81 
PTUs: Os dyrtte Sine rete ators oisetarencs eee eae ee 84 
RIS Ren 9), aaah peers oe sei ons eee eee 88 
PiGure bs 3 er. o.c Rae ecaass = sore eee eee 91 
Piste BOs sch tors os bala 2c oe a eet 2S 
Heteume? 13 10 nce es cls-a cisco see ee es 98 
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Sun Aug. -9- 15<-10:19 992 
run #1 

U.S. Army CECOM RDEC NVESD 

ACQUIRE version 1 (May 30 1995) 

data file: NACIT1 


command line: -d NACIT1 

TARGET DISCRIMINATION RANGE PERFORMANCE 

begin parameter listing... 

NACIT1: DATA INPUT FOR ACQUIRE: TARGET T-72 DESERT CONDITIONS. 


>sensor_lookup 


data_file_ name sensor.dat --- 


sensor_id genl -~- 
per formance_mode MRT MRT_MDT_MRC_OR_MDC 
>target_lookup 

target_id 72 --- 

aspect f£ F_Orngs 

target_signature Lees degrees_C 

>cycle_criteria 

detection_n50 02.75 wfov 

detection_n50 0275 neow 

classification_n50 lies nfov 

mecognitaon M50 3.0 nfov 

identification_n50 6.0 nfov 

>band-averaged_atmosphere 

# points: 20 eae hie ee 2: transmittance 
0.000e+00 1.000e+00 
5.000e-01 8.175e-01 
7.500e-01 7.515e-01 
1.000e+00 6.927e-01 
2.000e€+00 5.082e-01 
3 .000e+00 3.778e-01 
4.000e+00 2.830e-01 
5.000e+00 2.130e-01 
6.000e+00 1.610e-01 
8.000e+00 0.927e-01 
1.000e+01 0.537e-01 
1.200e+01 0.313e-01 
1.400e+01 0.183e-01 
1.600e+01 0.108e-02 
1.800e+01 0.063e-02 
2.000e+01 0.037e-02 
2.200e+01 0.022e-02 
2.400e€+01 Q0.013e-02 
2.600e+01 0.007e-02 
2.800e+01 0.004e-02 


>repeat 


end parameter listing... 
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MESSAGES 


2D MRTD from lookup table 


cyles/mrad MRTD 

2.970e-001 1.020e-002 
4.300e-001 1.460e-002 
5.990e-001 2.100e~-002 
8.200e-001 3.020e-002 
1.091e+000 4.340e-002 
1.390e+000 6.230e-002 
1.692e+000 8.960e-002 
1.987e+000 1.288e-001 
2.265e+000 1.851e-001 
2.522e+000 2.660e-001 
2.754e+000 3.823e-001 
2.959e+000 5.494e-001 
3.148e+000 7.896e-001 
3.300e+000 1.135e+000 
3.440e+000 1.631e+000 
3.567e+000 2.344e+000 
3.649e+000 3.369e+000 
3.723e+000 4.841e+000 
3.778e+000 6.958e+000 
3.834e+000 1.000e+001 


Sky-to-ground ratio defaulted to 1 for thermal systems. 

Last range for input atmospheric transmittance data is less 
than maximum range. 

Spline fit returned a negative atmospheric transmittance; add 
more points to input transmittance data array. 


SENSOR 


genl from sensor.dat 


TARGET 


(2.55 meters) 
1.25 degrees C 


T72 F aspect 
inherent signature: 
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OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
prob N50=0.75 N50=0.75 N50=1.50 N50=3 .00 N50=6.00 
0295 17 0; ian 4.37 km 2.46 km 1230 400 0.65 km 
U590 A ovo & 4.92 Zoot eG C277 
O50 oe Dad 307 P06 0.86 
0.80 2a52 5260 5250 L279 0.93 
CaaS 2.48 5 o6 BU deo Peco 
0.70 Zoe 6215 32.70 2205 OF 
o65 2276 6.40 3.86 2 aed 1S 
0.60 2k 6262 4.06 20 ite 0 
G22 3205 6.60 4.25 2255 Ae 
0.50 Seek 7209 4.44 2rerl 1.34 
0.45 323 8 Pass 4.65 2.64 1.41 
0.40 Bt 0 762 4.88 Zo 1.50 
C35 Bis 1268 SZ eS deeog 
O20 Sri 6 Sey St 38 3.14 to 
eS 4.24 S252 502 Ca), les 
O220 4.56 Bas 6.08 3265 Zr 
Deal 500 og 6-56 4.01 22 
C220 oo 10 205 ae 2 45m 2556 
D505 Ose? 11.04 6234 2204 S25 


ena Of run 1 frome NACITL 


Sun Aug 49°25:10:19 1938 


as 


run #2 

U2S~. Army CECOM RDEG NVESv 

ACQUIRE version 1 (May 30 1995) 

data file: NACIT1 

command line: -d NACIT1 

TARGET DISCRIMINATION RANGE PERFORMANCE 


begin parameter listing... 


>target_lookup 


target_id 2 ae 
aspect 5 FOr _S 
target_signature a2 degrees_C 


>end 


end parameter listing... 
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RUN # 1 


SENSOR: GEN 1 T-72 FRONT ASPECT 
WFOV NFOVd NFOVc NFOVr NFOV: 
Prob N50=0.75 N50=0.75 N50=1.5 N50=3.0 N50=6.0 
0.95 1.70km 4.37 km 2.46km 1.3 km 0.65 km 


0.90 leo 4.92 2.81 1250 O77 
0.85 24D 5.29 3.07 1266 0.86 
0.80 232 5.50 3.30 1.79 0.93 
OS 2.48 5.88 3.50 1.91 1.00 
0770 2.62 6.15 3,70 2.03 OF 
0.65 2 6.40 3.88 2.14 1.13 
0.60 2.91 6.62 4.06 2.26 1.20 
O55 3.05 6.69 4.25 2.38 eee 
Goo 3.21 7.09 4.44 2.51 1.34 
0.45 3.38 7,39 4.65 2.64 1.41 
0.40 3.56 7.62 4.88 2.19 1,50 
0.35 3.76 7.88 oal2 2.95 ieeg 
0.30 3.98 ay ITA 5:39 3.14 1.70 
O25 4.24 8.52 S09 3.37 1.83 
0.20 4.56 8.93 6.08 3.60 2.00 
Onis, 9.00 ose 6:06 4.01 2.23 
0.10 S09 10.05 Gee 4.55 2.50 
0.05 6.67 11.04 8.34 5.94 25) 







ACQUIRE OUTPUT T72 RUN 1 









V2 
as 
= 
Z 8 
LL 
O 6 ‘ 

an a & ¥ —~- x 

om 5 ee? ee — x 





5 10 1S 20 25 


PROBABILITY OF DETECTION 













— a 


-@WEOV = NEOVd NFOVc x NFOVr x NFOVi 








Figure B.1 Range Performance T72. Run 1 (Excel sheet) 
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MESSAGES 


No change in system demand function 

Sky-to-ground ratio defaulted to 1 for thermal systems. 

Last range for input atmospheric transmittance data is less 
than maximum range. 

Spline fit returned a negative atmospheric transmittance; add 
more points to input transmittance data array. 


SENSOR 
genl from sensor.dat 
TARGET 


T72 S aspect (3.6 meters) 
inherent signature: 1.25 degrees C 


OBSERVER ENSEMBLE PERFORMANCE 


RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
prob N50=0.75 N50=0.75 N50=1.50 N50=3.00 N50=6.00 
Og 2355 km S62 tom 3. 308m iaoO sm 0. 92. kim 
0.90 ENTE 6-23 3.26 2206 iOS 
0.85 2292 6.64 4.08 2a) dee U 
0.80 ee Sa! 4.35 Z2ea5 zo 
OS Seo 2) 4.59 Zou ore 
On.70 3552 T5:6 4.83 ZS Lae. 
O265 3.70 el 5206 2250 deo 
Oo” 368 8.04 5.2.6 3.105 i765 
OOD 4.06 ec Sead Be 20 1. %4 
Oro) 4.24 S252 a. 70 B37 io 
0.45 4.44 S.78 Bie o3 B54 1.94 
0.40 4.66 9.04 6a 19 oat 3 2205 
G235 4.91 Se 6.46 i Zee 
0230 Sey ao 6.74 4.16 255 
O.s 25 5.46 OO Od. 4.43 2500 
Oe 20 5: O38 Pee29 7.49 As AZ 
Gls G252 Oy 2 eo 5.20 S301 
02.20 yeas W531 S05 Syre ey 3.46 
0.05 B09 de Ji 6.90 4.29 


end of run 29from NAeri. 
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RUN # 2 
SENSOR: GEN 1 i722 SIDE ASPECT 


WFOV NFOVGd NFOVc NFOVr NFOV! 
Prob N50=0.75 N50=0.75 N50=1.5 N50=3.0 N50=6.0 
0.95 2.33 km 5.62km 3.30km L3okm 0.92 km 


Gi5G 267 6.23 3.76 2.06 1.08 
0.85 292 6.64 4.08 eer 1.20 
0.80 3.13 697 4.35 2.45 V29 
O75 6.33 eT 4.59 2.61 1.39 
0.70 aoe 7.96 4.83 275 1.47 
0.65 3.70 701 5.06 2.970 1.56 
0.60 3.88 8.04 o.20 3.05 1E65 
0.55 4.06 8.27 5.47 3.20 1.74 
0.50 4.24 6.02 370 oon oe 
0.45 4.44 8.78 Soe 3.54 1.94 
0.40 4.66 9.04 6.19 3.73 2.05 
0.35 4.91 9.29 6.46 3.93 2210 
0.30 aly, Jon 6.74 4.16 2s 
0.25 5.46 oo1 TOT 4.43 2.50 
0.20 5.83 10.29 7.49 4.77 ete 
0.15 6.32 10.72 737 D0 3.01 
0.10 6.96 1131 8.65 5.81 3.46 
0.05 8.09 12.31 9.74 6.90 4.29 


ACQUIRE T-72 RUN 2 


wevusees 


gett. i Seats 
KRXKKRX? 


= 
= 
Lu 
O 
Zz 
< 
cr 


2 10 wo 20 
PROBABILITY OF DETECTION 





Figure B.2. Range Performance 172. Run 2 (Excel sheet) 


Ti 


Sun Aug “9 157135:0) a2. 


run #3 

U.S. Army CECOM RDEC NVESE 
ACQUIRE version 1 (May 30 1995) 
data file: NACIT11 

command line: -d NACIT11 


TARGET DISCRIMINATION RANGE PERFORMANCE 
begin parameter listing... 


NACIT11: DATA INPUT FOR ACQUIRE: TARGET T-72 DESERT CONDITIONS. 
>sensor_lookup 


data_file name sensor.dat --- 

sensor_id gen2 ij 

per formance_mode MRT MRT_MDT_MRC_OR_MDC 
>target_lookup 

target_id Tie oe 

aspect £ F_or_S 

target_signature 125 degrees _C 


>cycle_ criteria 


detection_n50 O75 wfov 
detection_n50 0.75 nfiov 
emescsiticabeion nm50 Les nfov 
mecognit tom. 150 BAe nfov 


Haente i ticativen n50 6.0 nro 


>band-averaged_atmosphere 


# points: 20 ere: dh. Si transmittance 
0.000e+00 1.000e+00 
5.000e-01 8.175e-01 
7.500e-01 7.515e-01 
1.000e+00 6.927e-01 
2.000e+00 5.082e-01 
3.000e+00 3.778e-01 
4.000e+00 2.830e-01 
5.000e+00 2.130e-01 
6.000e+00 1.610e-01 
8.000e+00 0.927e-01 
1.000e+01 0.537e-01 
1.200e+01 0.313e-01 
1.400e+01 0.183e-01 
1.600e+01 0.108e-02 
1.800e+01 0.063e-02 
2.000e+01 0.037e-02 
2.200e+01 0.022e-02 
2.400e+01 0.013e-02 
2.600e+01 0.007e-02 
2.800e+01 0.004e-02 


>repeat 
end parameter listing... 


MESSAGES 


2D MRTD from lookup table 


cyles/mrad MRTD 

9.040e-001 4.090e-002 
1.254e+000 5.460e-002 
1.640e+000 7.300e-002 
2.054e+000 $.750e-002 
2.466e+000 1.302e-001 
2.855e+000 1.739e-001 
3.216e+000 2.323e-001 
3.548e+000 3.102e-001 
3.853e+000 4.143e-001 
4.129e+000 5.534e-001 
4.383e+000 7.392e-001 
4.613e+000 9.873e-001 
4.828e+000 1.319e+000 
5 .015e+000 1.761e+000 
5 .192e+000 2.352e+000 
5 .347e+000 3.142e+000 
5.483e+000 4.197e+000 
5.611e+000 5.605e+000 
5 .722e+000 7.487e+000 
5.807e+000 1.000e+001 


Sky-to-ground ratio defaulted to 1 for thermal systems. 

Last range for input atmospheric transmittance data is less 

than maximum range. 

Spline fit returned a negative atmospheric transmittance; add 
more points to input transmittance data array. 

Loadline does not intersect MRTD/MRC above range 11.8 km, extend 
curve to lower frequencies and temperatures. 


SENSOR 


gen2 from sensor.dat 


TARGET 


T/7/2 F aspect 
inherent signature: 


(2.55 meters) 
1.25 degrees C 


1D 


OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
pred N50=0.75 N50=0.75 N50=1.50 N50=3.00 N50=6.00 
Oasis) Zuo. ia 5.40 km S20 i oe Kn 0.92 km 
G20 2.00 S292 SO) 2205 1.08 
U2 6S 2207 630 S27 As fe 20 
0.80 3408 6.60 A229 2.42 ao 
OS Sac8 G05 4.46 Zoi ee? 
0.70 3.45 7 208 4.66 Cee 1.47 
0-65 Sou a 4.86 2.50 Loo 
0.60 3278 Loe 5.06 32000 1.64 
Ue 55 S95 Dt S920 3.15 a 
O20 a3 7590 5.47 Son yo 
0.45 AN 32 Bro See Say ao 
0.40 4.52 8232 Ss07 3.64 2.04 
G33 1.73 B22 Gi 13 3.635 2 enG 
0230 4.97 8.78 Goo 4.05 22.08 
Ox S Seo a Us 6.67 ey 2.48 
0.220 Sree 2.34 g202 4.61 2209 
O21) 6.00 Gud 7.45 00 220 
OO 6.60 Ge 8.00 Sod so 
0:05 Leese Eo 2 Seok 6.54 4.17 


end of run 3 fromenAzcrtrin 


SuneAug 95: 138-02 lie 


oF 


run #4 
U.S. Army CECOM RDEC NVESD 
ACQUIRE version 1 (May 30 1995) 


data file: NACITI11 
command line: -d NACIT11 


TARGET DISCRIMINATION RANGE PERFORMANCE 
begin parameter listing... 


>target_lookup 


target_id Tg —s 
aspect S Maer 
target_signature eS degrees_C 


>end 


end parameter listing... 
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RUN #3 
SENSOR: GEN 2 T-72 FRONT 
. ASPECT 
WFOV NFOVd NFOVc NFOVr NFOV! 
Prob) N50=0.75 N50=0.75 N50=1.5 N50=3.0 N50=6.0 
OrgS 2.31km 540km 3.25km 1.79km 0.92 km 


0.90 2.63 aoe 3.57 2.05 1.08 
0.85 2.87 6.30 S97 2220 1eZ0 
0.80 3.08 6.60 4.23 2.42 1.29 
OFS O27 6.85 4.46 2,01 1.39 
0.70 3.45 7.08 4.66 272 1.47 
G65 3.61 7.30 4.86 2.86 1206 
0.60 3.78 Loe 9.06 3.00 1.64 
G539 3.95 Ten 3.26 310 1.73 
0.50 4.13 730 5.47 3.31 182 
0.45 4.32 8.10 a6 3.47 1:93 
0.40 4.52 8.32 9.89 3.64 2.04 
0.35 4.73 8.55 6.93 3.83 Zac 
0.30 4.97 8.78 6.39 4.05 239 
O25 oo 9.03 6.69 4.31 2.48 
0.20 Dad 9.34 02 4.61 2.69 
OAS 6.00 ona 7.45 9.00 Zaae 
0.10 6.60 10.17 8.00 J 3.39 
0.05 71.08 JO7o2 8.91 6.54 4.17 


ACQUIRE T72 RUN 3 


oak 00 el 


= 
= 
Ww 
O 
2 
< 
re 


10 15 20 
PROBABILITY OF DETECTION 








*WFOV wNEOVd NEOVc « NFOVr x NEOVi 





Figure B.3. Range Performance T?72. Run 3 (Excel sheet) 
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MESSAGES 


No change in system demand function 

Sky-to-ground ratio defaulted to 1 for thermal systems. 

Last range for input atmospheric transmittance data is less 

than maximum range. 

Spline fit returned a negative atmospheric transmittance; add 
more points to input transmittance data array. 

Loadline does not intersect MRTD/MRC above range 11.8 km, extend 
curve to lower frequencies and temperatures. 


SENSOR 
gen2 from sensor.dat 


TARGET 


T72 S aspect (3.6 meters) 
inherent signature: 1.25 degrees C 


OBSERVER ENSEMBLE PERFORMANCE 


RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
prob N50=0.75 N50=0.75 N50=1.50 N50=3 .00 N50=6.00 
O.95 3.09 7ran 6262) tan 4.24 km 2.43 km eZ 9 km 
0290 5.50 aS 4.73 206 1349 
0285 So eee 5:5Om, Seo iOS 
0.80 4.04 nO ao" Bie L738 
Ouro 4.26 S205 oO2 S582 1.39 
0.70 4.47 Sie? 5.84 37.60 2201 
0.65 4.66 8.48 6205 Se. 4 2 le 
G50 4.86 8.68 62a 3.94 2420 
O55 aU 8.86 6.48 4.12 2S 
0250 oe 5 9.04 6. 69 AL 2.48 
0.45 oad Oa Saco ay 30 200 
0.40 3. 66 9.42 Dil 4.70 2.74 
0235 Sis oe OFAGs 2556 a. Om 2.90 
0.30 Cake? Gxeo 7 .6zZ SO 5.08 
OE25 6.47 10-08 Jase S245 s. 50 
C220 Seat ORS oz See 6 5. 56 
On 15 yee 10.69 8205 Sead 5.90 
0220 C250 dee DoS 6.79 4.40 
0705 See 0.00 927916 HeGrO Seoul 


encdeor rune 4 Erom NACLLLI 
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RUN # 4 


SENSOR; GEN 2 WFOV 


O25 3.09 km 


G.90 
0.85 
0.80 
Cero 
0.70 
O65 
0.60 
G35 
0.50 
0.45 
0.40 
0.35 
0.30 
6:25 
0.20 
Ons 
0.10 


3.50 
3.79 
4.04 
4.26 
4.47 
4.66 
4.86 
9.05 
S20 
5.47 
5.68 
oo 
O17 
6.47 
6.81 
7.23 
7.80 


T-72 SIDE ASPECT 


NFOVi 


NFOVd NFOVc NFOVr 
Prob N50=0.75 N50=0.75 N50=1.5 N50=3.0 N50=6.0 
6.62km 4.24km 2.43km 1.29 km 
7.15 473 2.76 1.49 
foo3 S707 301 1.65 
7.81 ST 3523 1.78 
S05 5.62 3.42 1.89 
8.27 5.84 3.60 2.01 
8.48 6.05 3h 212 
8.68 6.27 3.94 ae 
8.86 6.48 A Ae 2735 
9.04 6.69 431 2.48 
9.22 6.89 4.50 2.60 
9.42 Zl 4,70 2.74 
9.63 7.30 4.91 2.90 
9.85 7.62 S16 3.08 
10.08 7.89 545 330 
10.35 S21 5.76 3/56 
10.69 8.63 6.21 3.90 
1111 9.13 6.79 4.40 
0.00 9.96 7.76 5.31 


0.05 


8.72 


ACQUIRE T72 RUN 4 


om eh 


= 
= 
Lu 
© 
= 
< 
aw 


5 


10 


15 


20 


PROBABILITY OF DETECTION 


¢@ WFOV = NFOVd 


NFOVc » NFOVr x NFOV! 


it 





Figure B.4. Range Performance T72. Run 4 (excel sheet) 
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Wed Aug 19 15:45:26 1998 


rin, 45 

U.S. Army -CECOM DEG NVESD 
ACQUIRE version 1 (May 30 1995) 
data fate. nacre. 

command line: -d nacit22 


TARGET DISCRIMINATION RANGE PERFORMANCE 


begin parameter listing... 


NACIT22: DATA INPUT FOR ACQUIRE: TARGET GUNBOAT NAVY MARITIME CONDITIONS 


>sensor_lookup 
data_file_name 


sensor_id gen 
performance_mode MRT 
>target 
characteristic _size 
delta_T 
>cycle_criteria 
detection_n50 
detection_n50 
elassifiemeion n50 
recognition_n50 
identification_n50 
>band-averaged_atmosphere 
# points: 20 kt... (2 
0.000e+00 
5.000e-01 
7.500e-01 
1.000e+00 
2.000e+00 
3.000e+00 
4.000e+00 
5.000e+00 
6.000e+00 
8.000e+00 
1.000e+01 
1.200e+01 
1.400e+01 
1.600e+01 
1.800e+01 
2.000e+01 
2.200e+01 
2.400e+01 
2.600e+01 
Zeoe VeL0 1 


>repeat 


end parameter listing... 


78 


i 


AWF OO 


sensor.dat 


MRT_MDT_MRC_OR_MDC 


LO wae 
4.6 


meters 
degrees_C 


witov 
nfov 
nNlov 
nioy 
nfov 


transmittance 
1.000e+00 
.951e-01 
.172e-01 
.482e-01 
.38le-01 
.991e-01 
.054e-01 
.417e-01 
.980e-01 
.472e-01 
.229e-01 
.111e-01 
.054e-01 
.0O27e-02 
.013e-02 
.006e-02 
.003e-02 
.002e-02 
.001e-02 
.000e-02 


OODWODADADADAADOAMDAAMAOAOOFRNN FOV ~] ~) 


MESSAGES 


Sky-to-ground ratio defaulted to 1 for thermal systems. 


2D MRTD from lookup table 


cyles/mrad 


WW WW WW WANN eee Se oe om ie ND 


.970e-001 
.300e-001 
.990e-001 
.200e-001 
.091e+000 
.390e+000 
.692e+000 
.987e+000 
.265e+000 
.522e+000 
.754e+000 
.959e+000 
.148e+000 
.300e+000 
.440e+000 
.567e+000 
.649e+000 
.723e+000 
.778e+000 
.834e+000 


POARWNHEPPYIUMWNHPPODARWNHHE 


MRTD 


.020e-002 
.460e-002 
.100e-002 
.020e-002 
.340e-002 
.230e-002 
.960e-002 
.288e-001 
.851e-001 
.660e-001 
.823e-001 
-494e-001 
.896e-001 
.135e+000 
.631e+000 
.344e+000 
.369e+000 
.841e+000 
.958e+000 
.000e+001 


Last range for input atmospheric transmittance data is less 
than maximum range. 
Spline fit returned a negative atmospheric transmittance; add 


more points to input transmittance data array. 
Loadline does not intersect MRTD/MRC above range 15 kn, 
curve to lower frequencies and temperatures. 


SENSOR 


genl from sensor.dat 


TARGET 


characteristic dimension: 10.12 meters 
4.6 degrees C 


inherent signature: 


1 


extend 


OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
prob N50=0.75 N50=0.75 NS50=1.50 NSO=3.00 N50=6.00 
G22) 6.18. km 16.66. km 2.20 Jon oe U2 et 26 1 kM 
0.90 6.52 ieee Binoe DoS Se a2 
0.85 7228 i o4 8.99 Gece SoZ 
0.80 T63 11.80 95.94 6.41 3246 
OTD 795 ZO 9762 ceae 4201) 
O70 8.22 12624 9.86 6.98 4.24 
G65 8.49 L245 10-10 T2220 4.46 
0.60 ioehe 12263 LOSS oo Leo 
O55 ae75 1280 £0.54 7.74 4.88 
O250 o27,0 od 10.74 e229 Sac 
0.45 Tied 13a15 10.94 8.26 aon 
0.40 209 53 a. 16 8.255 Sienus lt! 
C25) 9.94 geo 12.40 S279 53/60 
0.30 10222 si 0 162 209 Galo 
O=Z2> 10253 i256 JA eit: 9.44 6.51 
On20 10.85 14.07 2.29 O26 0 6.91 
OFS ee 14.27 ie 56 LO Z6 7.44 
0.10 Pi TAX SL S07 10.84 Be 
CGs T2367 14.82 Seo ie. 75 a2) 


ena Of vume >> From nacit2Z 


Wed Aug 19 15:45:26 1998 
run #6 
U.S. Army CECOM sRDEC SNVESD 
ACQUIRE version 1 (May 30 1995) 


Gata bile= Macie22 
command line: -d nacit22 


TARGET DISCRIMINATION RANGE PERFORMANCE 
begin parameter listing... 


>sensor_lookup 


data_file_name sensor.dat ae 
sensor_id gen2 pope x? 
performance_mode MRT MRT_MDT_MRC_OR_MDC 


>end 


end parameter listing... 
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RUN #5 
SENSOR:GEN 1 
PAOD 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 
0:55 
0.50 
0.45 
0.40 
0735 
0.30 
0.25 
0.20 
O15 
0.10 
0.05 





ACQUIRE GUNBOAT RUN 5 


GUNBOAT FRONT ASPECT 


WFOV NFOVd NFOVc NFOVr 
N50=0.75 N50=0.75 N50=1.5 N50=3.0 
6.18km 10.66km 7.90km 5.02 km 
6.82 11.20 825/ 5.63 
7.28 1154 8.99 6.05 
76S 11.80 9.34 6.41 
7.93 12.03 9.62 6.70 
Sie 12.24 9.86 6.98 
8.49 12.45 10.10 W225 
8.72 12:68 10.33 7.51 
8.95 12.80 10.54 774 
9.20 12.97 10.74 7.99 
9.45 115 10.94 8.26 
9.69 13:33 1116 G53 
9.94 152 11.40 8.79 
10.22 170 11e62 9.09 
10:53 13.88 11.88 9.44 
10.85 14.07 12.19 9.80 
ee? 14.27 12.58 10.26 
11.79 avon lO 10.84 
12367 14.82 13.79 Wines 


NFOVi 
N50=6.0 

2.81 km 
S22 
3°52 
3.78 
4.01 
4.24 
4.46 
4.6/7 
4:36. 
lO 
5.34 
5.58 
5.85 
6.15 
6.51 
6.91 
7.44 
8.12 
9.27 












ae | | 













1a y “= eer—amee 

i= 4 : , aa vate Ss ge 
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PROBABILITY OF DETECTION 





“¢ WFOV = NFOVd NFOVc » NFOVr x NFOVi. 





Figure B.5. Range Performance Gunboat. Run 5 
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(Excel sheet) 


MESSAGES 


Sky-to-ground ratio defaulted to 1 for thermal systems. 


2D MRTD from lookup table 


cyles/mrad 


TMI MNMMNNNNP PPP WWW DNDN NYE FO 


.040e-001 
.254e+000 
-640e+000 
.054e+000 
.466e+000 
.855e+000 
.216e+000 
.548e+000 
.853e+000 
.129e+000 
.383e+000 
.613e+000 
.828e+000 
.015e+000 
.192e+000 
.347e+000 
-483e+000 
.611e+000 
.722e+000 
.807e+000 


PIMP WNORrRPWOOAITIU BP WNP POANDU BD 


MRTD 


.090e-002 
.460e-002 
.300e-002 
.750e-002 
.302e-001 
.739e-001 
.323e-001 
.102e-001 
.143e-001 
-534e-001 
.392e-001 
.873e-001 
-319e+000 
. 761e+000 
.352e+000 
.142e+000 
.197e+000 
.605e+000 
.487e+000 
-.000e+001 


Last range for input atmospheric transmittance data is less 
than maximum range. 


Spline fit returned a negative atmospheric transmittance; 
more points to input transmittance data array. 

Loadline does not intersect MRTD/MRC above range 12.6 kn, 
curve to lower frequencies and temperatures. 


SENSOR 


gen2 from sensor.dat 


TARGET 


characteristic dimension: 


inherent signature: 


10.12 meters 
4.6 degrees C 


82 


add 


extend 


OBSERVER. ENSEMBLE PERPORMANCE 
RANGE CIVEN- PROBABILITY «8 


WFOV NFOV 
prob N50=0.75 NSO=0.75 
0.95 7.42 km 10.96 km 
0.90 8.01 (30 
0.85 8.39 ies 
0.80 8.69 eos 
0.75 8.93 11.93 
0.70 9.16 2607 
0.65 237 12.20 
0.60 9.55 12233 
0.55 e732 12.46 
0.50 9.90 12.59 
0.45 10.09 0.00 
0.40 10.27 0.00 
0.35 10.44 0.00 
0.30 10.63 0.00 
0.25 10.85 De 00 
0.20 1.0 0.00 
0.15 11.38 0.00 
0.10 eas 0.00 
0.05 1236 0.00 


ena Of Tun 6 from nacitZZ 


83 


NFOV 
N50=1.50 


meee ee wees ee ee 


NFOV 


N50= 


3.00 


NFOV 


N50= 


WOM DMA ATATAYNAAARARNMMNKAINA HAH Ah LH W 


6.00 


RUN #6 


GUNBOAT FRONT ASPECT 


SENSOR: GEN 2 WFOV NFOVd NFOVc NFOVr NFOVI 
Prob N50=0.75 N50=0.75 N50=1.5 N50=3.0 N50=6.0 
0.95 7.42km 10.96km 8.91 km 6.30km 3.82 km 
0.90 8.01 litzoe 9.44 6.91 4.31 
0.85 8.39 i es 9.75 7.30 4.67 
0.80 8.69 ere 10.00 7.63 4.96 
Orn5 S.3 11.93 40.22 7.90 So 
0.70 eal 2.07 10.39 8.14 5.48 
G65 g.37 2.20 OOS 8.37 5.79 
0.60 o5 12.33 10.70 oo 3.93 
Obes) og 12.46 10.86 8.79 6.16 
0.50 g-00 li2,50 11.01 Giga 6.38 
0.45 10.09 0.00 Viet 919 6.61 
0.40 O27 0.00 11.30 9.41 6.86 
0.35 10.44 0.00 11.46 9.60 7.13 
0.30 10.63 0.00 11.63 gee 7.40 
G25 10.85 0.00 ios 10.08 7.73 
0.20 11.10 0.00 12.04 10.35 8.08 
O45 11.38 0.00 12.30 10.66 8.53 
0.10 ae ars 0.00 0.00 11.09 9.09 
0.05 1236 0.00 0.00 11.73 225 


ACQUIRE GUNBOAT RUN6 


= 
= 
Ww 
© 
< 
< 
om 


ame eek 
On FF DWOOON F 





5 10 ilk 20 
PROBABILITY OF DETECTION 


¢WFOV wNFOVd NFOVc = NFOVr x NFOVi 


Figure B.6. Range Performance Gunboat. Run 6 (Excel sheet) 
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run #7 


U.S... Army CECOM -RDEC NVESD 
ACQUIRE version 1 


data Eile: 
command line: 


NACIT21 


(May 30 1995) 


=a) NAC EZ 


TARGET DISCRIMINATION RANGE PERFORMANCE 


begin parameter listing... 


NACIT21: 


>sensor_lookup 
data_file_ name 
sensor_id 


PLalge: 


performance_mode 


characteristic _size 


delta_T 


>cycle_criteria 


detection _n50 
detection_n50 
classification_n50 


recognition_n50 


1dente.ftrecartion 150 


>repeat 


20 


end parameter listing... 


>band-averaged_atmosphere 
#_ points: 


I a. oe pai 


oe 8 8&8 @¢ &» 8 @ 


.000e+00 
.000e-01 
.500e-01 
.000e+00 
.000e+00 
.000e+00 
.000e+00 
.000e+00 
.000e+00 
.000e+00 
.000e+01 
.200e+01 
.400e+01 
.600e+01 
.800e+01 
.000e+01 
.200e+01 
-.400e+01 
.600e+01 
.800e+01 
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Sun Aug 


sensor.dat 


gen 
MRT 


i 


WF OO 


Se los22 7 40R1 998 


DATA INPUT FOR ACQUIRE: TARGET GUNBOAT NAVY MARITIME CONDITIONS 


MRT_MDT_MRC_OR_MDC 


2-6 


en D 
sce) 


meters 
degrees_C 


witov 
nLov 
nNioyv 
nfov 
nfov 


transmittance 
1.000e+00 
.951e-01 
.172e-01 
.482e-01 
.381le-01 
.991e-01 
.054e-01 
.417e-01 
.980e-01 
.472e-01 
.229e-01 
~Llle-0O1 
.054e-01 
.027e-02 
.013e-02 
.006e-02 
.003e-02 
.002e-02 
.001e-02 
.000e-02 


© © 0 OG Go OOO C2 OQ OP NN Neo) -—) 


MESSAGES 


Sky-to-ground ratio defaulted to 1 for thermal systems. 


2D MRTD from lookup table 


cyles/mrad 


WWWWWWWWDNONNNFRFRRF FOU BN 


.970e-001 
.300e-001 
.990e-001 
.200e-001 
.091e+000 
.390e+000 
.692e+000 
.987e+000 
.265e+000 
.522e+000 
.754e+000 
.959e+000 
.148e+000 
.300e+000 
.440e+000 
.567e+000 
.649e+000 
. 723e+000 
.778e+000 
.834e+000 


PHAPWNHRRAITIMNWNRFRPFRFODRWNEH FP 


MRTD 


.020e-002 
-460e-002 
.100e-002 
.020e-002 
.340e-002 
.230e-002 
.960e-002 
.288e-001 
.851le-001 
.660e-001 
.823e-001 
.494e-001 
.896e-001 
.135e+000 
.631e+000 
.344e+000 
.369e+000 
.841e+000 
.958e+000 
.000e+001 


Last range for input atmospheric transmittance data is less 
than maximum range. 
Spline fit returned a negative atmospheric transmittance; add 


more points to input transmittance data array. 
Loadline does not intersect MRTD/MRC above range 15 kn, 
curve to lower frequencies and temperatures. 


SENSOR 


genl from sensor.dat 


TARGET 


eharacteristererecimension: 


inherent signature: 


19.6 meters 
4.6 degrees C 


86 


extend 


OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
prob N50=0275 N50=0.75 N50=1.50 N50=3 .00 N50=6.00 
0.95 8.98 km 12.82 km 10.56 km oon 4.89 km 
0.90 oo dora 7 POs 8.44 2250 
C225 T0700 tse 56 Lies 8.85 oc 
0.80 LOS 2 e795 Tae 7D oa 0 G20 
0575 10°28 2.90 ie oe oo S57 
0270 10520 14.03 Lee 9.74 6.84 
0265 Pino 14.14 12t34 oe 20 
0.60 Tee 14.24 Zio 10220 72587 
0255 T1243 14.33 2a 10.43 co 
0250 Lie 0 14.42 123.88 10263 7285 
0.45 Ae 140 T3206 1083 See 
0.40 118s 14.58 Pee 11.04 8.40 
0.35 1220 14.66 LS 3 11 328 8.66 
0230 12.45 14.75 £51.62 Liss S236 
0.25 12270 14.83 tsa. 17s Coal 
0220 NEP Se: a4 92 14.00 12408 2 66 
Oza 5 ie se 0200 14.22 12.48 10.14 
0-10 13 es 0.00 14.47 Doe? LO. 73 
O05 14.27 0.00 14.79 eae Iho 


enc Of 2un 7 from NAGCrT 1] 


Sum AUCs 39. b3. 22 sae 


+4 


run #8 
U.S. Army CECOM RDEC NVESD 
ACQUIRE version 1 (May 30 1995) 


data file: NACIT21 
command line: -d NACIT21 
TARGET DISCRIMINATION RANGE PERFORMANCE 


begin parameter listing... 


>sensor_lookup 


data_file name sensor.dat --- 
sensor_id gen2 --- 
performance_mode MRT MRT_MDT_MRC_OR_MDC 


>end 


end parameter listing... 
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GUNBOAT SIDE ASPECT 
WFOV NFOVd NFOVc NFOVr NFOVi 
Prob N50=0.75 N50=0.75 N50=1.5 N50=3.0 N50=6.0 


RUN # 7 
SENSOR: GEN 1 


0.95 8.98 km 12.82km 10.56km 7.77km 4.89 km 
0.90 9.61 Va27 11.08 8.44 5.50 
0.85 10.00 13.56 11245 8.85 5.91 
0.80 10732 13:75 Tae0 9.20 6.27 
0.75 10:56 13.90 11.92 9.50 6.57 
0.70 10.80 14.03 12.13 9.74 6.84 
0.65 11.01 14.14 12.34 9.97 T1060 
0.60 dane 14.24 12.53 10.20 7.30 
0.55 Wu4S 14:30 12.71 10.43 7.61 
0.50 11.60 14.42 12.88 10.63 Gs 
0.45 11.79 14.50 13.06 10.83 8.11 
0.40 11.98 14.58 13.24 11.04 8.40 
Ors 12.20 14.66 13743 11.28 8.66 
0.30 1245 ifs 162 W253 8.96 
0.25 12370 14.83 13.81 11.78 9.31 
0.20 12.98 14.92 14.00 12.08 9.68 
0.15 13233 0.00 14.22 12.48 10.14 
0.10 13°75 0.00 14.47 12.97 10.73 
0.05 1427 0.00 14.79 oa? 2 11.65 





RANGE (Km) 


Figure B.7. Range Performance Gunboat. Run 7 (excel sheet) 
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ie 


ACQUIRE GUNBOAT RUN 7 


20 
PROBABILITY OF DETECTION 









*WEOV = NFOVd NFOVc « NFOVr x NEOVi 


ee 










MESSAGES 


Sky-to-ground ratio defaulted to 1 for thermal systems. 


2D MRTD from lookup table 


cyles/mrad 


AMA Nn bP PP PWWWHON NE FPO 


.040e-001 
.254e+000 
.640e+000 
.054e+000 
.466e+000 
.855e+000 
.216e+000 
.548e+000 
.853e+000 
.129e+000 
.383e+000 
.613e+000 
.828e+000 
.015e+000 
.192e+000 
.347e+000 
-483e+000 
.611e+000 
.722e+000 
.807e+000 


PAI UO BPWHNHOPRPONANURPWNHOPRPP OO I) 


MRTD 


.090e-002 
-.460e-002 
.300e-002 
.750e-002 
.302e-001 
.739e-001 
.323e-001 
.102e-001 
.143e-001 
.534e-001 
.392e-001 
.873e-001 
.319e+000 
.761e+000 
.352e+000 
.142e+000 
.197e+000 
.605e+000 
-487e+000 
.000e+001 


Last range for input atmospheric transmittance data is less 
than maximum range. 


Spline fit returned a negative atmospheric transmittance; 
more points to input transmittance data array. 

Loadline does not intersect MRTD/MRC above range 12.6 km, 
curve to lower frequencies and temperatures. 


SENSOR 


gen2 from sensor.dat 


TARGET 


characteristic dimension: 


inherent signature: 


19.6 meters 
4.6 degrees C 


89 


add 


extend 


OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 


WFOV NFOV 
prob N50=0.75 N50=0275 
0295 9.74 km 12.47 km 
0.90 LOZ 0.00 
Ones 10.48 0.00 
0.80 LO. 0.00 
0275 10.89 0.00 
0.70 OG 0.00 
0.65 Alen o 0.00 
0.60 i384 0.00 
255 11.48 0.00 
0.50 iMeG2 0.00 
0245 dd. 6 0.00 
0.40 11.90 0.00 
O225 12705 07.010 
C220 12620 0.00 
O25 2238 0.00 
0.20 2 Oo 0.06 
oe 15 0200 0.00 
0.10 02.010 0.00 
0205 0.00 0.00 


end of run 8 from NACIT21 


N 


90 


NFOV 
50=7.,.50 


SOTO 7O OOo oe 
oO 
oO 


NFOV 
N50=3 .00 


NFOV 
N50=6.00 


SENSOR: GEN 2 
Prob 
0.95 
0.90 
0.85 
0.80 
O75 
0.70 
0.65 
0.60 
G:55 
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G35 
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WFOV NFOVd NFOVc 
N50=0.75 N50=0.75 N50=1.5 
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10.70 0.00 11.69 
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11.06 0.00 72.00 
Meee 0.00 1213 
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12.05 0.00 0.00 
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0.00 0.00 0.00 


NFOVr 
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ACQUIRE GUNBOAT RUN 8 
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Figure B.8. Range Performance Gunboat. Run 8 (Excel sheet) 


ot 


run #9 
U.S. Army CECOM RDEC NVESD 
ACQUIRE version 1 (May 30 1995) 


Gata tle nacite2.. 
command line: -d nacit232 


TARGET DISCRIMINATION RANGE PERFORMANCE 


begin parameter listing... 


NACIT22: DATA INPUT FOR ACQUIRE: TARGET GUNBOAT NAVY MARITIME CONDITIONS 


>sensor_lookup 


data_file name sensor.dat --- 
sensor_id nacit 9 ~-- 
per formance_mode MRT MRT_MDT_MRC_OR_MDC 
>target 
characteristic size Op ekZ meters 
delta_T ae degrees_C 
>cycle_criteria 
detection_n50 007s wfov 
detection_n50 0.75 nfov 
classification_n50 eS nfov 
Lecognat 1 Onens0 30) nfov 
Tdentdsatecat: lom.ms 0 6.0 nion 
>band-averaged_atmosphere 
# points: 20 | <4 ee me eee eee transmittance 
0.000e+00 1.000e+00 
5.000e-01 7.951e-01 
7.500e-01 7.172e-01 
1.000e+00 6.482e-01 
2.000e+00 4.381e-01 
3.000e+00 2.991e-01 
4.000e+00 2.054e-01 
5.000e+00 1.417e-0O1 
6.000e+00 . 0.980e-01 
8.000e+00 0.472e-01 
1.000e+01 0.229e-01 
1.200e+01 0.111e-01 
1.400e+01 0.054e-01 
1.600e+01 0.027e-02 
1.800e+01 0.013e-02 
2.000e+01 0.006e-02 
2.200e+01 0.003e-02 
2.400e+01 0.002e-02 
2.600e+01 0.001e-02 
2.800e+01 0.000e-02 


>repeat 


end parameter listing... 


O2 


Mon Sep 14 10:01:28 1998 


MESSAGES 


Sky-to-ground ratio defaulted to 1 for thermal systems. 


2D MRTD from lookup table 


cyles/mrad 


PREP PRP RPE PEO DMDIUIKDUNA RWW 


.510e-001 
.120e-001 
.720e-001 
.330e-001 
.940e-001 
.770e-001 
.630e-001 
.490e-001 
.440e-001 
.400e-001 
.036e+000 
.130e+000 
.225e+000 
.318e+000 
.408e+000 
.488e+000 
.562e+000 
.614e+000 
.647e+000 
.680e+000 


BWNHNONPRPEHWOAINU AB WNP PP PB 


MRTD 


.080e-002 
.310e-002 
.590e-002 
.940e-002 
.350e-002 
.860e-002 
.470e-002 
.220e-002 
.130e-002 
.230e-002 
.570e-002 
.200e-002 
.118e-001 
.359e-001 
.652e-001 
.007e-001 
.439e-001 
.964e-001 
.601e-001 
.376e-001 


Last range for input atmospheric transmittance data is less 
than maximum range. 


Spline fit returned a negative atmospheric transmittance; 
more points to input transmittance data array. 
Loadline intersects MRTD/MRC cutoff below range 6 km. 


SENSOR 


nacit? from Sensor dat 


TARGET 


characteristic dimension: 


inherent signature: 


10.12 meters 
4.6 degrees C 


oS 


add 


OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
prob N50=0. 75 N50=0.75 N50=1.250 N50=3 .00 N50=6 .00 
0.95 3.70 km 2:01 Skin S.oo KM 2.796 kn 139) iam 
G290 4231 7.65 6.40 3.24 LOZ 
O80 4.219 10.08 6.95 Ca 30 
0.80 S220 10.42 T4355 3290 oS 
Oa Bs: oo LOr269 7.74 4.19 Ziad) 
0.70 OT 10394 8.04 4.47 2oe4 
0263 G27 eS S33 4.76 es 6 
0260 6.60 ties S259 Sw Zo2 
O50 Oyo i ieoo 8.69 Sooo 2.065 
0.50 ene 11-60 5.10 oy 2.84 
0.45 253 12.02 2.3.6 6.201 Beso 
0.40 Tae eS 96d. 6.34 3220 
O35 8.14 2549 9.289 6.69 3.42 
0250 8.47 ZnS LOGS 7.08 3.68 
Or25 8.84 T30Z TO Si vee 4.00 
D220 Soe 13.34 10.88 eioe) 4.40 
0215 oxo iSe66 Piao 2 Sea2 4.96 
Orene 10.41 14.05 ee Dale 5.84 
0.05 11.43 14.56 ee 7 Oz S 1250 


end Of “Cuneo from macit732 


Mon Sep 14 710-01:26-199¢ 
runs #20 
U.S. Army CECOM RDEC NVESD 
ACQUIRE version 1 (May 30 1995) 


data file=snacitr23Z 
command line: -d nacit232 


TARGET DISCRIMINATION RANGE PERFORMANCE 
begin parameter listing... 


>sensor_lookup 


data_file_name sensor.dat --- 
sensor_id gen2 See 
per formance_mode MRT MRT_MDT_MRC_OR_MDC 


>end 


end parameter listing... 
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SENSOR: NACIT9 


Prob 
0.95 
0.90 
O35 
0.80 
0.75 
0.70 
0.65 
0.60 
0.55 
0.50 
0.45 
0.40 
0.35 
0.30 
0.25 
0.20 
0.15 
0.10 
0.05 





WFOV NFOVd NFOVc 
INSO—0. 7a) NS0=0.757Nov—12 

3.70 Sa 2D 
4.31 9:66 6.40 

4.79 10.08 0:95 

5.20 10.42 #38 
SiDg 10.69 7.74 
9.97 10.94 8.04 
6.28 leas 8.33 
6.60 1t39 Siog 
6.91 Miso 8.85 

Te 11.80 9.10 
fos 12.02 9.36 
7.82 12.23 9.61 

8.14 12.47 9.89 
8.47 127 10.18 
8.84 13.02 10.51 
9.25 13.34 10.88 
o> 13.68 dites2 
10.41 14.05 11:91 
11.43 14.56 12.87 


ACQUIRE GUNBOAT RUN 9 


GUNBOAT FRONT ASPECT 
NFOVr 


N50=3.0 


21S 
3.24 
B09 
3.90 
4.19 
4.47 
4.76 
3205 
2:55 
9.64 
6.01 
6.34 
6.69 
7.08 
fo 
7.98 
Sey 
9.23 
10.35 


NFOVi 


N50=6.0 
1.39 
1.62 
1.80 
lkoS 
Ze 
2.24 
2.38 
232 
2.68 
2.84 
3.01 
3.20 
3.42 
3.68 
4.00 
4.40 
4.96 
5.84 
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*WEOV ms NFOVd NEOVc = NFOVr x NFOVi- 


Figure B.9. Range Performance Gunboat. Run 9 (excel sheet) 
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MESSAGES 


Sky-to-ground ratio defaulted to 1 for thermal systems. 


2D MRTD from lookup table 


cyles/mrad 


IMUM AO PP HP BPWWWNYNDNME FP LO 


.040e-001 
.254e+000 
.640e+000 
.054e+000 
.466e+000 
.855e+000 
.216e+000 
.548e+000 
.853e+000 
.129e+000 
.383e+000 
.613e+000 
.828e+000 
.015e+000 
.192e+000 
.347e+000 
.483e+000 
.611e+000 
~.722e+000 
.807e+000 


PIO BPWHPRPPUWOO HATO BWNHER POA OE 


MRTD 


.090e-002 
.460e-002 
.300e-002 
.750e-002 
.302e-001 
.7/39e-001 
.323e-001 
.102e-001 
.143e-001 
.534e-001 
.392e-001 
.873e-001 
.319e+000 
.761e+000 
.352e+000 
.142e+000 
.197e+000 
.605e+000 
.487e+000 
.000e+001 


Last range for input atmospheric transmittance data is less 
than maximum range. 
Spline fit returned a negative atmospheric transmittance; add 


more points to input transmittance data array. 
Loadline does not intersect MRTD/MRC above range 12.6 km, 
curve to lower frequencies and temperatures. 


SENSOR 


gen2 from sensor.dat 


TARGET 


Characeceristic cimensicon- 


inherent signature: 


10.12 meters 
4.6 degrees C 
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extend 


OBSERVER ENSEMBLE PERFORMANCE 
RANGE GIVEN PROBABILITY... 


WFOV NFOV NFOV NFOV NFOV 
prob N50=0.75 N50=0.75 N50=1.50 N50=3.00 N50=6.00 
O95 7.42 km 10.9.6. km On. Fal Jem 6.30 km S22 KM 
0.30 8.01 Li232 9.44 Seed 4.31 
O82 See ise oa 1.30 4.67 
0.80 8.69 ee 10200 7703 4.96 
Chea Boos oS 10222 7 2o0 Dace 
O26 al 124.07 10239 8.14 5.48 
OF 65 ao 2-20 Ode oa) 573.7 0 
0.60 9222 i253 1076 B27 Duos 
0.25 oes TZ ca6 10.86 oe Ba u6 
0250 92.90 2 oo Piel 8.98 6.355 
0.45 10309 G00 11S 929 God. 
0.40 10.27 0.00 ie 30 9.41 6 BiG 
0.35 10.44 0.00 11.46 9260 ie Ales 
0230 10.63 0.00 1 65 982 7.40 
OL 25 LO0es> 6.00 PAjses LO Os Lads 
0.20 Leb 0.00 I2.:04 10. S3 8.98 
Oe iiss 0-00 12230 10.66 Sao5 
C210 Dae, 0.00 0.00 tL eO2 Oe 
0.02 1236 O00 0.00 is S225 


end of rum. 10 Erom nacit2s2 
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GUNBOAT FRONT ASPECT 
NFOVd NFOVc NFOVr 


RUN # 10 


SENSOR: NACIT9 NFOVi 


WFOV 


Prob N50=0.75 N50=0.75 > INS0=1.5 NS50=3.0 0 N50=670 
0.95 3.70 9.01 o-05 2.78 1.39 
0.90 4.31 9.66 6.40 3.24 1:62 
0.85 4.79 10.08 6.95 3.00 1.80 
0.80 5.20 10.42 7.38 3.90 cle 
O79 Doe 10.69 7.74 4.19 2.10 
0.70 597 10.94 8.04 4.47 2.24 
0.65 6.28 11.16 8.33 4.76 2.38 
0.60 6.60 ine o 3.59 5:05 e232 
G55 6.91 ipso 6.85 5.35 2.68 
0.50 ee coe 9.10 5.64 2.84 
0.45 7.93 POE 9.36 6.01 3.01 
0.40 7.82 12.23 7.61 6.34 3.20 
0.35 8.14 12.47 ors2 6.Gg 3.42 
0.30 8.47 12.73 NOS 1206 3.68 
O25 8.84 2.90 10.51 To 4.00 
0.20 9.30 13.10 10.88 7.98 4.62 
Ole 275 13.43 tihes2 8.49 4.96 
210 eo 13.87 lees S11 5.84 
0.05 10.30 14.01 12.24 9.35 6.98 


ACQUIRE GUNBOAT RUN 10 
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Figure B.10. Range Performance Gunboat. Run 10 (Excel sheet) 


98 


SS ehh deh eed bids dh-ondpeend 
evans Peasemersee 


GGL 

4 2 
WEELISISAGS 
WAGES 
WAGES ALY: 
MWACTIS: 84 SOR 


im 


SA. ‘ on 
=~ os Ta 


SNA 


SVSGUEESI 


¢ SVGES mvt 


WG 
SS EDISS 


Gack SSM 
VAY 
SAN 


Tene RF 


. CB ge TR mes 


yi AS = 


OE 
WZ 


DAD ORK, 


7 


bpd he, 


POSE 
argo 


an mS 


AN a SN yay 
Be SOARES AIO 


UK 2 SAGES ri OBES: 
SS ay. UEIRSNR ORS 


OW 


ELI EE 


ORI Y: 


WS 
< 


aw 


APPENDIX C. SAMPLE WINEOTDA 
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Figure C.1. WinEOTDA Main Screen 
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IR EOTDA EXECUTION SUMMARY 


a mm i ee mm mm cm a a eS A I Ec a a 
SS SS SS SS AS SE a a SD SS SS SO GE GE GE 


MET DATA INPUT FILE NAME: C:\PROGRAM FILES\WINEOTDA\met\met0911_. 


OPS DATA INPUT FILE NAME: C:\PROGRAM FILES\WINEOTDA\ops\IRO91 1 1.1.44 


TOT: 11 September 1998 1004 


Absolute Humidity: 6.8 (g/m**3) 4 km Transmissivity:0.58 
Sky Temperature: 238.7 (deg K) IR Visibility: 018.8 (kft) 
Latitude: 36 deg 46 min N Longitude: 122 deg 18 min W 
Sensor ID: 151(GEN1) Sensor Ht: 3,000 feet 

View Direction: 000 Complexity: None 


ma mm me ct cr rm mm me mc ce me ce ee ee ce es Se ee ee 
me a mam mm mmm mm mm mr cr re es ee ws Se ee eo 


TARGET INFORMATION 


Target Elevation: 0 feet (MSL) 


Target #1 Target #2 

Target ID: Gunboat Target ID: Gunboat 
Target Heading: 0 Target Heading: 90 
Operating State: idle Operating State: exercised 
Target Speed: 0 Target Speed: 15knots 


(SS RS eS SSS eS Se RH SS SS SS SS Se ER Be OS He OP RP RP eM See Re Se Se Pe BP em em eB ee eH Se RS ee Se eS eS Se eS See 


BACKGROUND INFORMATION 
General Background Albedo: Continental 


Background #1 ID: Water (15 f) 
Background #2 ID: Water (25 f) 
Background #3 ID: Water (35 f) 
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IR EOTDA OUTPUT 


cr er me we cmc mm rr rm me ee Se SE SS Se 
ce ee ce ee em a i 


RANGES Target #1 Gunboat Background #1 Water 
View Dir | MRT Detection Range (kft) | MDT Detection Range (kft) | Lock-on Range 
(deg) | NFOV WFOV | NFOV WFOV | (kft) 


THERMAL CONTRAST (Delta-T) Target #1 Gunboat Background #] Water 
View Dir| MRT DeltaT(K) | MDT DeltaT(K) | Lock-on Delta-T 
(deg) | NFOV WFOV | NFOV WFOV | 


TEMPERATURES (K) Target #1 Gunboat Background #1 Water 
View Dir | Bkgd Temp | MRT Temperature (K) | MDT Temperature (K) | Lock-on Temp 
(deg) | (K) | NFOV WFOV | NFOV WEFOV | (K) 


000 269.3 2797 279.3 SG. 3 289.2 300.0 
045 00> 62795 210 5163 2o7.3 300.0 
090 0.0 219.7 2197 308.6 288.1 300.0 
135 OO. 2997 29 B02 284.8 300.0 
180 0.0 280.0 219.9 284.2 284.2 300.0 
225 0.0 279) 279.6 300.9 251.7 300.0 
270 00 27s 279.8 306.6 287.6 300.0 
iS G0 Wz 25 Zio 516.5 289.0 300.0 


cee eee eee eee ae ee = 
mm mem a eee me eS eee 
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RANGES Target #1 Gunboat Background #2 Water 
View Dir | MRT Detection Range (kft) | MDT Detection Range (kft) | Lock-on Range 
(deg) | NFOV WFOV | NFOV WFOV | (kft) 


mc cs em cm cms cr a ee in i cm rm wc cm cm cc ce sm ee ee ee eee eee ee ee ee es ee 


THERMAL CONTRAST (Delta-T) Target #1 Gunboat Background #2 Water 


View Dirl MRT DeltaT(K) ! MDT DeltaT(K) — |Lock-on Delta-T 
(deg) | NFOV WFOV | NFOV WFOV | 
---------- |-------------|-------------|-------------|-------------|--------------- 
000 oF) 8.9 42.3 14.4 0.0 
045 10.3 9.6 42.1 14.0 0.0 
090 10.5 9.8 Bi teZ 0.0 
35 10.5 9.8 24.4 7.8 0.0 
180 10.4 9.6 fez 72 0.0 
aS 10.4 9.8 22.9 8.8 0.0 
270 10.6 9.9 aed 10.6 0.0 
S15 102 9.6 42.1 17 0.0 


mc ee mr a rc ee eee SS 


TEMPERATURES (K) Target #1 Gunboat Background #2 Water 
View Dir | Bkgd Temp | MRT Temperature (K) | MDT Temperature (K) | Lock-on Temp 
(deg) | (K) | NFOV WFOV 1! NFOV’ WFOV | (K) 


000 269.2 279.2 Zig 316.3 289.2 300.0 
045 0.0 279.5 219.5 316.3 Zoo 300.0 
090 0.0 Zio 2997 308.6 288.1 300.0 
135 0.0 279.7 Z199 302.3 284.8 300.0 
180 0.0 280.0 ZIo08 284.2 284.2 300.0 
me 0.0 219.7 2IoG 300.9 287.7 300.0 
270 0.0 279.8 279.8 306.6 287.6 300.0 
oS 00> 279% 2193 B163 289.0 300.0 


em ce a ee cr se ec ee ee se es ee saa er ee rE OCT OT 
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RANGES Target #1 Gunboat Background #3 Water 
View Dir | MRT Detection Range (kft) | MDT Detection Range (kft) | Lock-on Range 
(deg) | NFOV WFOV | NFOV WFOV | (kft) 


O00 99.3 735.9 29.8 24.2 0.0 
045 112.8 88.8 21.9 22.4 0.0 
090 114.0 88.8 20.5 162 0.0 
135 112.8 88.8 125 16.2 0.0 
180 100.5 dial 15.6 15.6 0.0 
225 112.8 88.8 ii 10.1 0.0 


A SS SS SS A A I ES SS SS A ES A ES SS SS A A ET SS i AD iY SS ce <i SE NY SEMAN SOA 
SS SS SS DS SS cS DS Se SS SS SS SS SS SS SS SS ED AD ci A Se i SS 


THERMAL CONTRAST (Delta-T) Target #1 Gunboat Background #3 Water 
View Dirl MRT DeltaT(K) | MDT DeltaT(K) _ |Lock-on Delta-T 
(deg) | NFOV WFOV | NFOV WFOV | 


045 10.2 9.5 42.0 13.9 0.0 
090 10.4 7 32.8 11.0 0.0 


[33 10.4 oF 24.3 Val 0.0 
180 10.4 95 pol 7.1 0.0 
22> LO oF 22.8 8.6 0.0 


270 10.5 9.8 S09 105 0.0 
315 10.1 oe 42.0 13.5 0.0 


TEMPERATURES (K) Target #1 Gunboat Background #3 Water 
View Dir | Bkgd Temp | MRT Temperature (K) | MDT Temperature (K) | Lock-on Temp 
(deg) | (K) | NFOV WEFOV | NFOV WEFOV | (K) 


O00" 269.3 279.2 279.3 316.3 2ou2 300.0 
045 0.0 279.5 2719.5 316.3 289.3 300.0 
G20 700° 279.7 Zo.) 308.6 288.1 300.0 
500 2797 Z197 302.3 284.8 300.0 
180 0.0 280.0 2109 284.2 284.2 300.0 
225 0,0) 2798) Z720 300.9 Zone) 300.0 
270 00 27588 279.8 306.6 287.6 300.0 
ois 5 0:0 2795 279.5 316.3 289.0 300.0 


0.0 -> No Value Computed. 


-1.0 -> No Solution Possible. 
-2.0 -> Sensor is Above Overcast. 
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RANGES Target #2 Gunboat Background #1 Water 
View Dir | MRT Detection Range (kft) | MDT Detection Range (kft) | Lock-on Range 
(deg) | NFOV WFOV | NFOV WFOV | (kft) 


mr i a re rm rm me ee a i a ae 
mE ee mms cm mm ces es ms a mw ee ee ee ee ee 


THERMAL CONTRAST (Delta-T) Target #2 Gunboat Background #1 Water 
View Dir| MRT DeltaT(K) | MDT DeltaT(K) _ |Lock-on Delta-T 
(deg) | NFOV WFOV | NEFOV WFOV | 


000 9.6 8.8 AD 14.3 0.0 
045 10.2 95 42.0 [Se 0.0 
090 10.4 of, 32.8 11.0 0.0 


135 10.4 oe 24.3 1) 0.0 
180 10.4 a2 al 7.1 0.0 
225 RO es oF 22.8 8.6 0.0 


270 FO:5 9.8 30.9 [Os 0.0 
S15 10.1 oS 42.0 135 0.0 


TEMPERATURES (K) Target #2 Gunboat Background #1 Water 
View Dir | Bkgd Temp | MRT Temperature (K) | MDT Temperature (K) | Lock-on Temp 
(deg) | (K) | NFOV WFOV | NFOV WFOV | (K) 


mm am mm mcm ee cs mr em en cr re rm a cr ee we a eC a ae SS aS 
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RANGES Target #2 Gunboat Background #2 Water 
View Dir | MRT Detection Range (kft) | MDT Detection Range (kft) | Lock-on Range 
(deg) | NFOV WFOV | NFOV WFOV i (kft) 


THERMAL CONTRAST (Delta-T) Target #2 Gunboat Background #2 Water 


View Dirl MRT DeltaT(K) | MDT DeltaT(K) _ |Lock-on Delta-T 
(deg) | NFOV WFOV | NFOV WFOV | 
~--------- |-------------|-------------|-------------|-------------|--------------- 
000 9.7 8.9 42.3 14.4 0.0 
045 10.3 9.6 421 14.0 0.0 
090 105 9.8 33.0 11.2 0.0 
135 es 9.8 24.4 7.8 0.0 
180 10.4 9.6 Te a 0.0 
225 10.4 9.8 22.9 8.8 0.0 
270 10.6 9.9 31.0 10.6 0.0 
315 10.2 9.6 42.1 1337 0.0 


TEMPERATURES (K) Target #2 Gunboat Background #2 Water 
View Dir | Bkgd Temp | MRT Temperature (K) |! MDT Temperature (K) | Lock-on Temp 
(deg) | (K) | NFOV WFOV | NFOV WFOV | (K) 


ce a ce ew i cr i i i ee ee ee 
mm rs rm me ee 
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RANGES Target #2 Gunboat Background #3 Water 
View Dir | MRT Detection Range (kft) | MDT Detection Range (kft) | Lock-on Range 
(deg) | NFOV WFOV | NFOV WFOV | (kft) 


090 114.0 88.8 20.5 16.2 0.0 
135 Pies 88.8 2) 16.2 0.0 
180 100.5 ele, 15.6 15.6 0.0 
225 112.8 88.8 11.9 10.1 0.0 
270 114.7 88.8 205 162 0.0 


Ec SS A SR ce a a SA A Se Sm me ape ee ee ee 


THERMAL CONTRAST (Delta-T) Target #2 Gunboat Background #3 Water 


View Dir! MRT DeltaT(K) | MDTDeltaT(K)  |Lock-on Delta-T 
(deg) | NFOV WFOV | NFOV WFOV | 
ae PbS 0 eet eee | 
000 9.6 88 42.2 14.3 0.0 
045 102 95 42.0 13.9 0.0 
090 10.4 O79 Mesos 11.0 0.0 
135 104 97 24.3 Ta 0.0 
180 10.4 9.5 7.1 7 0.0 
2256) 108 O7 M78 8.6 0.0 


TEMPERATURES (K) Target #2 Gunboat Background #3 Water 
View Dir | Bkgd Temp | MRT Temperature (K) | MDT Temperature (K) | Lock-on Temp 
(deg) | (K) | NFOV WFOV | NFOV WFOV | (K) 


0.0 -> No Value Computed. 
-1.0 -> No Solution Possible. 
-2.0 -> Sensor 1s Above Overcast. 
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Target Data Entry Form 


Target Name 
The target defines the size and physical characteristics used in the EOTDA. 
To Use: Press button to the right of Target ID name. Select the desired target. 
Target Heading a 
Target heading refers to the direction of the target front with respect to north. The geometry of the target 
heading and view direction affects a) the perceptible illumination on target (TV), b) the perceptible solar 


heating on target (IR), and c) the perceptible target size (TV and IR). 


To Use: Select Target Heading by using the slider bars, or you can directly edit the number in the text boxes. 
Enter 270 for a target that faces west. 


Target Position (TV only) 
Target position is with respect to the sloped background (on the slope or at the base of the slope). Only the TV 
model uses this parameter. The position of the target affects a) the amount of diffuse and reflected illumination 
on the target and b) the ability of the sensor to see the target. 
To Use: Select Position on Slope (TV only). Press button to the right of position. Select the desired position. 
Target Operating State 
Operating state is the condition of the target at Time Over Target. Operating state is used only in the IR model. 
An ‘off target is heated by the environment only. The engine and exhaust system contribute to the heating of an 
‘idle’ or hovering target. The wheels or tractor treads will be heated on an ‘exercised’ target. 
To Use: Press button to the right of operating state. Select the desired operating state. 


Target Speed 


Speed is the velocity of a mobile target. The speed of the target 1s used in the IR model only. The movement of 
the target and the wind speed have a cooling effect on the target. 


To Use: Select Speed by using the slider bars, or you can directly edit the number in the text boxes. 
Target Elevation (IR only) 


Elevation is the height of the target area above sea level. Elevation is used to compensate for the increased 
insolation with height. This feature 1s used only in the IR model and there is no effect below 2000 feet. 


To Use: Enter a number between O and 12.000 ft in the test box or use the arrows to increment or decrement the 
value in the text box. The target elevation does not appear when the Target Data Entry Form 1s called by 
double-clicking on a Target picture. 


Figure C.2 Target Data Entry Form (Descriptive) 
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Meteorological Data Input Form (24 hours) 


(Graphic and Descriptive Explanations) 


| a Met =< 


| peeseomte Tor TT TE ET TT | Ta 


ay 
Ber = aie cs 
he eo yaaa Ta oeet ; PotD jin 
oe 0 ppd tte Ee tae pa Ske aire dae A aa seeped 
rid 


ode ) Poo wel Bee , 
Se = i OL aaa ao _ OL 
Test eal Go| 62] 62] Go] 7 61 G2] eal Galo Bal Gol al Go] Gl Ga) 





Figure C.3 Meteorological Data Input Form 
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Met Input Screen Parameters 


The Met input requires hourly data of the following weather parameters at the target site: surface temperature 
surface dew point temperature, the aerosol, Battleneld Induced Contaminants (yes or no), visibility, 
precipitation index, rain rate, wind speed and direction, boundary layer height, low, middle and high cloud data 
(type, height, and amount). 


SURFACE AIR TEMPERATURE = 
Range: -40 to 122 deg F 
The temperature and dewpoint are used primanly to compute the relative humidity. Relative humidity, along 
with aerosol and visibility are used to compute an extinction coefiicient. Extinction coefficient is used in IR, TV, 
and Laser models. 


SURFACE DEWPOINT TEMPERATURE 
Range: -40 to 122 deg F The Dewpoint temperature cannot exceed the Surface Temperature. The temperature 
and dewpoint are used pnmanily to compute the relative humidity Relative humidity, along with aerosol and 
visibility are used to compute an extinction coefficient. Extinction coefficient 1s used in IR, TV, and Laser 
models. 


AEROSOL INDEX 
Aerosol Index refers to the dominant atmospheric particulate in the boundary layer. The definition includes 
camouflage smokes. 
Aerosol model along with relative humidity (temperature and dewpoint) and visibility 1s used to compute an 
extinction coefficient. As the extinction coefficient gets larger, the signal at the sensor gets smaller. 
Troposphenic 2erosol has the lowest extinction and maritime has the highest. Desert aerosols are independent of 
relative humidity. Navy mantime aerosols are defined by air mass history and wind speed. Aerosol is used in IR, 
TV, and Laser models. 


Range: 1-17. 
1 = Rural 
2 = Urban 


3 = Mantime 

4 = Troposphenc 

> = Desert 

6 = Navy Maritime Open Ocean (NMOO) Light Antecedent Winds (0-10 kts) 

7 =NMOO Moderate (11-20 kts) 

8 = NMOO Strong (>20 kts) 

9 = Navy Manitime Intermediate Conditions (NMIC) Light Antecedent Winds (0-10 kts) 
10 = NMIC Moderate (11-20 kts) 

11 = NMIC Strong (>20 kts) 

12 = Navy Maritime Strong Continental Conditions (NMSCC) Light Antecedent Winds (0-10 kts) 
13 = NMSCC Moderate (11-20 kts) 

14 = NMSCC Strong (> 20 kts) 

15 = White Phosphorous Smoke 

16 = Fog Oil 

17 = Hexachloroethane 

98 = Advection Fog 

99 = Radiation Fog 
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BATYLEFIELD INDUCED CONTAMINANTS 
Range 0 =iNone,] = BiG ere present. 
Battlefleld Induced Contaminants (BIC) are the persistent pall of smoke and dust that sometimes covers areas 
where intense combat has occurred When BIC is observed, the user's aerosol selection should be from among 
the aerosol choices OTHER than smoke (1.e., the user should chose the aerosol! appropniate to the prevailing air 
mass), So the BIC and air mass degradation effects can be combined. 


VIS ey 

Range: 0.1 to 60.0 mules. 

The visibility 1s a very important parameter in the EOTDA's calculation of extinction coefficient. 
PRECIPITATION INDEX 

Range: 0 = None, 1 = Rain, 2 = Snow 

Precipitation Index refers to the type of precipitation present. 


RAIN RATE 
Range: O= None, 1= Drizzle (.01 in/hr), 2 = Light(.05 in/hr), 3 = Moderate - Heavy (.10 in/hr). 


WIND SPEED 
Range: 0 to 99 knots 
Only the IR EOTDA uses wind data. 


WIND DIRECTION 
Range: 0 to 359 
Surface wind direction in degrees as measured from True North. 
Only the IR EOTDA uses wind data. 


BOUNDARY LAYER 
Range: I to 400 hundred feet (hf) 
The boundary layer is the height of the inversion and defines the division of the two layer model used by the 
EOTDA. An extinction coefficient ts computed for each layer. The extinction coefficients are used to comoute 
the effect on incoming radiation and the efficiency of signal transmission from the target scene to the sensor. If 
the sensor is above the boundary layer, the model uses a weighted average for signal transmission. The 
boundary layer is used in the IR, TV, and Laser models. 


CLOUDS 
Although it 1s standard procedure to report only observable clouds, the EOTDA can be sensitive to clouds 
above an overcast. Therefore, you are encouraged to prowde additional cloud data above an overcast. 


CLOUD TYPE 
Ranges: 
Low Clouds - 0 = None, 1 = Stratus or StratoCumulus, 2 = Cumulus or Cumulonimbus. 
Middle Clouds - 0 = None, 3 = Altostratus, Altocumulus, 4 = Nimbostratus . 
High Clouds - 0 = None, 5 = Thick Cutus, 6 = Thin Cutus 


The EOTDA models require cloud type in order to compute extinction. 


CLOUD HEIGHT 
Range: 0 to 400 hundred feet (hf). 
Cloud base height is reported in hundreds of feet. Mid cloud height must be greater than low cloud height. High 
cloud height must be greater than low and middle cloud heights. 


CLOUD AMOUNT 
Range: I to 8 
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Sensor Data Entry Form 
(Graphic and Descriptive Explanation) 


SENSOR DATA ENTRY FORM 
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Figure C.4 WinEOTDA Sensor Data Entry Form 
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sensor Data Entry Form 


EOTDA Type 


EOTDA Type defines the EOTDA model that will be executed. The EOTDA supports three sensor types (IR. 
TV, or Laser). Required sensor entries for the IR and TV differ from the Laser. Execution time and output 
products vary among sensor types. 


To Use: Press radio button to make your selection. 
IR or TV Sensor ID 


Sensor ID is the corresponding number for each sensor. The list of software-supplied sensors and IDs is ina 
CONFIDENTIAL appendix of the User’s Manual. When the sensor ID is matched with the sensor name, it is 
the responsibility of the user to follow the necessary security procedures. If you have an IR sensor type, a 
simplified (austere) EOTDA is available by selecting ‘Trans only’ for Sensor ID. The output is reduced to IR 
Visibility, Transmissivity, and Absolute Humidity. 


To Use: Press button to the right of Sensor ID number. Select the desired sensor. 

Sensor Height 
Sensor height ts the vertical distance of the sensor above the surface. If your operation involves a pop-up 
maneuver, choose a height that best represents anticipated detection of target. The distance to the horizon 1s a 


function of sensor height. Lock-on and detection ranges are limited by this distance. 


To Use: Enter a number between 100 and 40,000 ft in the text box or use the arrows to increment or decrement 
the value in the text box. 


View Direction 


The sensor view direction 1s described in degrees clockwise with respect to true north. The geometry of the 
view direction and the target heading affects a) perceptible illumination on target (TV), b) perceptible solar 
heating on target (IR), and c) perceptible target size (TV and IR). If the sensor is facing forward ona 
westbound plane, enter 270. 


To Use: Enter a number between O and 359 in the text box or click on the Dial with the mouse. 


Left mouse click on the Dial - the value in the text box will be rounded off to the nearest multiple of 15 degrees. 
Right mouse click on the Dial - the value in the text box will be the exact number. 


To change the value in the text box by one, left mouse click on the View Direction label; conversely, right 
mouse click on the View Direction label will decrease the value in the text box by one. 


IR Complexity 


IR scene complexity characterizes the “busyness’ of the target area. Complexity describes the number of objects 
Or patterns in the immediate target vicinity that can be mistaken for the target. Judgments of scene complexity 
must be based on the structure in the scene and must not be influenced by the magnitude of the contrast 
between scene features. See User’s manual for examples of four levels of scene complexity. The ability to 
distinguish a target among other objects in a scene depends upon both the scene complexity and the scene 


MZ 


thermal contrast. Complexity 1s used in computing MRT detection range for all sensors. 
To Use: Press radio button to make your selection. 

TV Clutter 
TV clutter level describes the "busyness’ of the target area. including both the number of objects comparable in 
size and shape to the target and the magnitude of the contrast between scene features. Judgments of clutter level 
must take both of these factors into considerauon. ~ 
To Use: Press radio button to make your selection. 

Laser System Mode 
Mode refers to the arrangement of laser components (designator/receiver/ranger). Mode 1: Compute maximum 
lock-on receiver range. Mode 2: Compute maximum designator range. Mode 3: Compute maximum range for 
colocated designator and lock-on receiver. Mode 4: Compute maximum designator/ranger range. Mode 35: 
Compute maximum lock-on receiver/ranger range. Mode 6: Compute maximum range for colocated designator 
and lock-on receiver. Mode 7: Compute ranging range only. 
To Use: Press radio button to make your selection. 

Laser Receiver/Designator/Ranger ID 
ID is the corresponding number for each system component. The list of software-supplied sensors and IDs 1s in 

a CONFIDENTIAL appendix of the User’s Manual. When the sensor ID is matched with the sensor name, it is 

the responsibility of the user to follow the necessary security procedures. The Laser EOTDA does Not support 
ground designators. 
To Use: Press button to the right of Sensor ID number. Select the desired sensor. 

Laser System Heights 
System height is the vertical distance of the sensor above the surface. If your operation involves a pop-up 
maneuver, choose a height that best represents anticipated detection of target. The distance to the horizon is a 


function of sensor height. Lock-on, detection, and ranging ranges are limited by this distance. 


To Use: Enter a number between 100 and 40,000 ft in the test box or use the arrows to increment or decrement 
the value in the text box. 


Laser Ranges 
The ranges required for input are the slant path distances between the target and svstem. Ranges are limited by 
the distance to horizon. The Laser model uses a fixed distance to target for one element of the system 


(designator/receiver/ranger) to compute the corresponding range. 


To Use: Enter a number between 1600 and 164,000 ft in the test box or use the arrows to increment or 
decrement the value in the text box. 
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WinEOTDA Graphical Output 
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Figure C.5 WinEOTDA Graphical Output 


Sample using Sensor 115 from look-up table 
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